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PREFACE TO THE THIRD 
EDITION 


Tiif inclusion of much new matter w itbout material addition to 
the length of the hook has heen mainly amved at bj re ^Titing 
and re arranging much of the text and in particular the sections 
on the blood and parasitologj In achiex mg this u e ou e much 
to the generous assistance of our colleagues at the London 
Hospital 

Dr \\ oods la entirely responsible for the section on 

histologj uhich he has again largely re wxitten Dr S P 
Bedson has contributed the articles on the filterable xiruses the 
nckettsi® and bacterial filtration Dr I N OrpMOod Price 
has written on the technique of the Kahn Test and Dr F C 0 
alentine has helped us m much of the reiision and particu 
lari} m the section on the blood We hare also to thank IMiss 
E 'M Burland for the preparation of the neu index 
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PREFACE TO THE FIRST EDITION 

This book represents an attempt to describe in a reisonable 
compass such laboratory investigations, whether chemical, 
histological or bacteriological, os have a practical bearing upon 
the diagnosis and treatment of disease , to give some account 
of their meaning and to as<5ess <?o far as possible their value in 
practice 

Manj of the smaller text books of “ Clinical Pathologj ” 
deal « ith the subject onlj in part , the complexitj of method? 
in the larger works renders them more suitable to special 
investigators and it was felt that a book of intermediate size 
might be of u*:© to the student and practitioner The reduction 
in size has been mainly arrived at b> avoidance of a reduphea 
tion of methods in preference to the omission of 8n> e^sentlaI 
branch of the subject Where several methods for the same 
object are in u«e one orat most two, are described m full the 
remainder are omitted altogether 
Much of ‘’cientidc intere{>t has been necessarily sacrified to 
the practical application of diagnostic methods, and the book 
has consequently no pretensions to consideration as anything 
more than an adjunct to clinical medicine 

No list of references is given, and the names of authorities, 
unless definitely associated with a particular reaction, are for 
the most part omitted 

In describing some of the more special investigations I hax e 
made u«e of among other works, Sequeira’s " Diseases of the 
Skm ” Phmmers ‘ Rractical Physiological Chemistry,’ Von 
Jaksch and Garrod’s “ Clinical Diagnosis,” Sahh’a “ Diagnostic 
Methods ’ and Daniels and Alcock's '* Tropical ^fedicine and 
Hygiene The last work has also been of assistance to the 
artist in some of his drawings of the higher parasites 

I am originally indebted to Mr L S Dudgeon for many of 
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the methods of procedure recorded here and for numerous 
details of technique which have been of the greatest value to 
me in practice 

The illustrations uitli vcr\ feu exceptions have been 
specially drawn for this book from actual preparations Mr 
Shattock has kindly provided me with some of the specimens 
of mtestmal parasites and Dr Turnbull u ith others 

Mv colleague Dr Titlj has most kmdlj read and revised 
the manuscript and has assisted me with his advice upon 
numerous particulars Mr A C Hudson has also helped me 
freelj vv ith the final revision 
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CLINICAL PATHOLOGY 

SECTION I 

CHAPTER I 

THE NORMAL BLOOD— THE BLOOD DISEASES 
THE NORMAL BLOOD 

The studj of the histology of the blood in health is essential 
to the appreciation of the changes which tahe place in disease 
The following is a brief account of the normal blood 

The unstained blood (Fig 1 p 34) If a drop of blood imme 
diatelv after being shed is examined under the microscope the 
red cells mil be found to have arranged themselves in the form 
of long curved rouleaux few if any red corpuscles reraiming 
isolated Occasional leucocy'tes will be easily recognised lying 
between the rouleaux often in groups of 2 or 3 Smallgranular 
lookingbundlesofbloodplateletswillbemadeout usually mthe 
near neighbourhood of a collection of leucoertes After a few 
minutes a delicate network of fibrin oppeinng like a fine cob 
■web w ill spread through the film being densest in the vicinity 
of the platelets Later the rouleaux will break up and the 
individual red cells w ill lose their shape and become crenated 
The red corpuscles are round or almost round biconcave 
hscs having an average diameter of 7 5 ft They are oxyphilic 
nd in stained preparations the centre of the disc is owing to 
le shape of the cell frequently paler than the periphery The 
number of red cells is subject to considerable individiyil » 
ariation and is usually gnen-as 5 milhon per c mm For the ^ 
lormal adult Englishman the red cell count should be above 
this figure and commonly approaches 6 million per c mm the 
number being somewhat le«s in the case of a woman 

The erydhrocjdes are derived from certain nucleated red cells 
of the bone marrow The earliest recognisable precursor is the 
pnrmtue megaloblast a cell with a round or oval nucleus of 
vhich the edge stains deeply and the centre is filled with a 

CLISICii PATHOLOQT 1 
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coarse mesh work of fine strands of chromatm, the cell 
cytoplasm being stronglj ba'»ophilic After a senra of sub- 
divisions the nucleus becomes stippled or “ cart-wheel ” m type 
and the cWoplasra — ^as it acquires bfl?moglobin — ^pol) chromat Jc 
From this cell is denved the normoblast with deeplj stamiog 
P} knotic nucleus and ovyjAil cj loplafm Vital staining of the 
normoblast sho%\-s the nucleus to be Knng in a reticular bed, and 
at a liter stage the nucleus leaves tim cell n hich is nowpuebered 
and irregular and still contains a thick ring shaped network of 
reticulum The basic reticular substance finally breaks up and 
disappears, the cell regains its contour and becomes stronglj 
osj’phil The stages m the formation of the red cell are thus 
the primitive erythroblast or m^aloblast, the later megilobhst 
with “ cart wheel ” nucleus, the normoblast, the reticulocyte, 
the erj*throcyte The earhest phase present in the normal 
circulation is the reticulocyte which forms about 1 0 per cent 
of the red cells 

The haemoglobin is reckoned m percentages, and the standard 
of the amount of hsmoglobin pre«ent m a normal person is 
taken as 100 per cent Tlie percentage of htemoglobin vanes 
very little in the individual and any fluctuations greater than 
10 per cent are signihcant The norma! standard of 100 does, 
however varj la different types of b;pmogJobinometer, and the 
instrument u«ed should always be recorded It ha* become 
convenient bv custom and for eunphcity in cahulating the 
colour index to record the ha?moglobm thus m percentages of 
the normal but it would be more m accordance mth other 
estimations to return the actual percentage of hiciuoglobin in 
the blood, and this ranges between 14 and IG grammes per 
100 c c of blood m the adult male Mmor variations within 
the normal range, or above it, are not detected easily nith 
the hiemoglobinometers m common u«e, because readings of 
the«e instruments while simple m the lower parts of the scale 
are less sharp m the upper part, where a short distance on the 
scale represents a relatively laige amount of ha’moglobm 

The colour index By this is meant the index of the 
hjpmoglobm carrying properties of the red cells The index is 
obtained by dividing the percentage of hsmoglobm by the 
percentage of red cells x'er c mm , and for this purpose the 
number 5 million per c mm is commonly calculated as 100 per 
cent ofthe normal for both sexes For example, a specimen of 
blood contammg 4 milhon red cells per c ram , or SO per cent of 
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the comentional normal number and 40 per cent of hremo 
globin, vnXl have a colour index of Ig or 0 6 indicating that each 
red cell contains half the normal amount of hsemoglobm Since 
the normal red cell count is above 5 million per c mm the 
normal colour indev is less than 1 0 

The size of the red cell can be calculated from the colour 
index when the cells are saturated with haemoglobin as m 
normal blood or in pernicious anmmia WTien the colls are 
not saturated the size can be measuied directly, as in the 
Price Jones cur\e (p 46), or from the volume index (p 48) 
obtained from the haematoent reading and the red cell count 
Since the red cell is not a flat disc, alterations in the envelope 
or in the tension within it might lead to change in the 
curvature of the cell and m such an event the findings of the 
Pxjce-Jonea curve would not correspond with those of the 
volume index 

The white corpuscles The normal number of leucocytes 
per c mm vanes between 6,000 and 7 000, the average number 
being about 6 000 Tho number of leucocytes is subject to 
penodio fluctuations and \ancs slightly m the same individual 
at short intervals of time It is doubtful if there is any appro 
ciable leucocytosis follow mg meals 

A differential leucocyte count gi\es the relative percentage 
of the different varieties and from the total leucocyto count the 
absolute number of each can be estimated 

The different kinds of leucocytes arc recognised by the shape 
of the nucleus the presence or absence of granules the character 
of the granules when present, and the staining reaction of the 
cytoplasm 

The followmg varieties are met with (Plate I ) — 

(1) The finely granular oxyphil, or polymorphonuclear 
neutrophil — a cell with a nucleus usually trilobed and a 
feebly basophil cytoplasm thickly dusted with fine faintly 
oxyphilic granules The normal percentage of this cell is from 

to 63 af ibe taial fecicwyites’ 

(2) The coarsely granular oxyphil, or eosmophil — a cell ivith 
a nucleus similar to the above but usually bilobed and a 
defimtely basophil cytoplasm filled with large, strongly 
oxyphil granules The relative number is from 1 to 3 per 
cent 

(3) The coarsely granular basophil or mast cell — a cell with 
a nucleus usually bilobed, a cytoplasm which does not stain 
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wjth the ordjmrr dj es, and coarse, scattered, strongl}' basophil 
grannies Relative number, 0 to 1 per cent 

(4) The finely granular basophil— a cell similar to the abo\ e 
but nith fine basophil granules and with, as a rule, a framed, 
degenerated nucleus Rarely seen in normal blood 

(5) The large hyaline cell, or large mononuclear — a large 
cell ^^lth a characteristic notched or convoluted nucleus, and 
a reticulated cytoplasm nluch stains a grejnsh blue with 
Leishman’s dye This cell is an important phagocyte, is 
amceboid, and is normally non granular Relative number, 
about 5 per cent 

(6) The large lymphocyte — a cell with a round nucleus and 
a clear, pale blue cytoplasm, which frequently contains a 
few purple granules Relative numbers, 5 to 10 per cent 

(7) The small lymphocyte — a cell nith a round, deeply* 
staiTung nucleus which occupies almost the entire cell, leaving 
a narrow nm of deeply basic cy tophsm Intennednte forms 
between the small and the large lymphocyte occur m normal 
blood Relative numbers, 20 to 25 per cent 

The origin of the leucocytes (sec P/ate I ) It is probable 
that the first five varieties of leucocyies arc produced m the red 
marrow and the ly mphocy tes m the lymphoid t^sues, including 
the deposits of such tissue normilly present m the niirrow 
The primitive cell from which the four polymorphonuclear 
leucocytes are deri\ed is a hige cell with a round nucleus of 
open network and often containuig two or three pear shaped 
nucleoli The cy'toplasm is non granuhr and intensely ba«o 
phihc staining a greenish blue with Lei«?ininn s stain This 
primitiv e mononuclear, non granular cell is calletl a my elobhst 
and in the course of its development granules appear in the 
cydoplasni clustered first around the nucleus and subsequently 
spreading to fill the entire cell This granular cell is called a 
myelocyte and m its larger and more primitive form it has an 
eccentric nucleus (Comils myelocyte) The more mature 
form IS smaller with s ceotraJ nueleas (Ehrheh's myeJocjte) 
Snbsequentiv the nucleus heconies notched and incompletely 
div ided to form the transitional poly morphonuelear cell, and, 
finally by further division the mature cell of the circulating 
blood The tyqDC of mature cell evolved from the parent 
myeloblast depends upon the type of granule developed, if 
the granules are neutrophil, a neutrophil myelocyde and then 
a polyTiiorphonuclear neutrophil cell is produced , if eosmophil 
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or basophil tlie mature cells formed are eosmophils or mast cells 
Some mjelocytes contain both eosinophil and basophil granules 
and maj be called amphophilic ma elocytes The large b j ahne 
or large mononuclear cell closely resembles a primiti\ o cell found 
in the blood in some cases of acute leukemia and usually called 
a mono cjte The nucleus of this cell may be more lobulated 
than that of the mononuclear and the cytoplasm may contain 
many fine neutrophil granules These cells are produced in the 
marrow and possibly derived either from the primitive myelo 
blasts or from some other marrow connective tissue cell 
The primitive ly mphocyde has a nucleus vvath an open net 
work and a relativ ely large area of cytoplasm which is strongly 
basophdic The most primitive forms cannot certainlv be 
distmguished from the myeloblast 

Films made from the normal red marrow or from the blood 
of a case of chronic myeloid leuksemn show all gradations of 
cells intermediate between the myeloblast and the mature 
poly morphonuclear cell and the production of the successive 
stages in development can be readily followed 

Some acquaintance with the probable mode of formation of 
the normal leucocytes and red cells is necessary for an apprecio 
tion of the changes which may take place in the circulating 
blood in disease since the cells of the marrow may overflow 
into the penpheral blood stream A moderate stimulus to the 
red cell formation as after breraorrhago may lead to the 
appearance of additional reticulocy-tes and occasional normo 
blasts m the blood The more fundamental disorder of 
pernicious anaimia may bring more primitive cells including 
the primitive megaloblasts into the blood in considerable 
numbers A moderate over production of leucocy-tes as m 
acute inflammation may be accompanied by the appearance 
of transitional neutrophils and the small type of myelocytes 
An extreme over production as in chronic myeloid leukemia 
throus into the circulating blood every variety of marrow 
leucocyte including the mononuclear non granular myeloblasts 
In acute myeloid leukaimia the normal process of development 
IS arrested and only the most primitive cells are produced 

The platelets In addition to the v arious cells in a stained 
preparation of normal blood the platelets can be identified as 
basopbibc rounded bodies of somewhat irregular shape 
occurrmg either singly or m small clumps throughout the 
film Thev are probably produced in the bone marrow and 
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possibly from the meg^karjOcytcB, and they pla> a part m the 
formation of fibrin and the coagulation of blood The number 
of blood platelets in normal blood xarics betneen 250,000 and 
400,000 per c inni 


THE BLOOD DISEASES 

A number of morbid states ate accompanied bj more or less 
specific cliangea in the blood Thej form a group of diverse 
conditions affecting tlie various cells of the blood and bone 
niarrou and fall into three main categories corresponding to the 
three elements — the red cells, u bite cells and platelets — chiefly 
affected Of those concerned mainly tnth the red cells, 
erythrremia is associated with a hyperplasia of the marrou and 
an over production of erythrocytes Aphstic amemia results 
from the destructi\e action of known or unknoum poisons 
upon the marrow Chlorosis and the imcrocjtic anemias are 
hiemoglobm deficiency di«ea3e8 Pernicious anaemia is due to a 
defect in the formation of the red cells Htemoljtic icterus, 
sickle celled anasmn and hreniopbilia ire congenital abnormali 
ties Of those affecting the white cells the mjeloid leukamias 
are accompanied bj abnormalities in the genesis of the marrow 
formed leucoc^des and the Ij^mphoid leukaemias h} an over- 
production of Ijmphocj’tes An extreme deficiencj of the 
platelets results m a form of purpura known as e'lsential 
thromhopenia 

Erythraemia (splenic polycyUiaemta, Osier’s disease, 
Vaquezs disease) is a rare affection The condition is a 
chronic one attacking people usually of middle age, and the 
most noticeable clinical features in an advanced case are the 
striking plum coloured complexion, splenic enlargement, slow 
cerebration and the occurrence of venous thrombosis 

The blood obtained on pricking the lobe of tlie ear is almost 
black, and so sticky that it is difficult to obtam sufficient for a 
count without pressure, and it is impossible to make thin films 
nith it If the blood is taken into ft tube, allowed to clot and 
centrifuged the red cells are found alm<»t to fill the serum Tlie 
number of red cells is commonly about 9 million per c mm and 
lias been known to exceed 12 milhon The percentage of 
hjeraoglobm may be 130 or over The total number of 
leucocytes is frequently double the normal, and there is usually 
a relative increase in the polymorphonuclear neutrophib 
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Occasional normoblasts can nearly aUvajs be found and the 
pre<5ence of the"!© together with the polj morphonucleai 
neutrophil increase help to distinguish this disease from the 
secondary erj'thrfemias resulting from the blood stasis of 
cardiac conditions In primary erythrsemia the blood volume 
IS greatly increased 

Aplastic an»mia results from a destruction of the red 
marrow and to a lesser degree from internal htemoljsis It is 
a rare condition and may result from exposure to radium the 
action of benzene or in the case of susceptible individuals from 
certain benzene denvatiies such as tri nitro toluene In 
many cases hoiiever no poisonous agent can be traced 
The condition IS rapidly fatal lasting as a rule from six neeks 
to SIX months The blood changes are characteristic The 
red cells rapidly dimmish m numbers and the colour index 
remains high Morphological changes m tlio red cells other 
than a anations m size (anisocytosis) are absent An extreme 
leucopema dea clops the loss of nhite cells being confined to the 
marron formed elements so that m the last stages the scanty 
white cells consist almost entirely of lyTnphocytes The blood 
platelets are much dimmished the bleedmg time is prolonged 
and purpura may develop The scrum unlike that found m 
pernicious ansemia is colourless 
Chlorosis once a common now a rare aflection is almost 
exclusively confined to young unmarried girls The cause of 
the disease is unknown but it is possibly associated with some 
abnormal state of the female reproductive organs The condi 
tion readily responds to iron but a return of the blood to normal 
18 always slow and rarely complete unless a radical alteration is 
made in the surroundings or mode of life of the patient The 
severe examples of chlorosis formerly seen often underwent 
spontaneous cure when tJie patient married and had children 
The striking decrease in the incidence of chlorosis dates from 
the year 1914 and coincides with improvement m the condi 
tions of female employment as well as m the general hyg ene 
and mode of life of young women 

The mam alteration detected by the routine exammation of 
the blood is a loss of haimoglobm In a case of moderate 
seventy there is little dimmution in the number of red cells 
consequently the colour index is extremely low In such a case 
the hsemoglobin would be about 40 per cent the red cells 
about 4 rmllion per c mm and the colour index 0 6 In a 
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*56% ere cise the h'emoglobin percentige falls vcrj Ion indeed 
and the red cell*! mij be considerihly rechiced though mrcU 
to a number le'ss than 3 mdbon per c mm In such a case 
occasional normoblasts and misshapen red cells or poil ilocjies 
maj be found in addition Tlie leucocjtes are not altered in 
anj characteristic manner but tliej mn\ be slightly diminished 
and not mfreqiientlj tlie Ijmphocj-ti^ are relatirelj increased 
In all cases the total blood \o 1 ume is considerabh increased 
and the 0x3 gen capaciU remains about normal the increase 
m a ohime being due to an increase m the amount of plasma 
The chlorotic blood picture presents no speci/ic characters hj 
which it can be certainl} differentiated from other forms of 
h3’poehromic ari'emia uhich respond to iron it is not evciu 
si\el3 confined to the female sex and is identical with that of 
the imcroc3tic an'cmias shortl3 described Chlorosis is 
still considered to bo a clinical itntUv but chiefi3 because of the 
as'sociation of the blood picture with the “sex and age of the 
patient The gastric acidity in chlorosis is normal 
Microcytic anaemia There is a group of morbid states 
associated with h-emoglobin deficiency in which the red cells 
are microcytic and hspochromic appearing m the stained film 
as small cells with almost white centres and ft deeper stammg 
peripheral ring The commonest form of microcytic ftn^mia 
might be described as the chlorosis of adult life It is mainly 
confined to women and to the child bearing period relapsing 
with each pregnanci and disappearing after the menojiause 
It responds to iron m large do'^s Unlike chlorosis it la com 
monlj associated with achlorhydria or hi’poehlorhidria and 
occasionally with dysphagia It has become more common as 
chlorosis has become more rare Tlie ha?moglobui deficiency 
may be 8e^ ere but e\ en minor los-ses may cause considerable 
disabiht\ and call for treatment The diagnosiia cannot le 
made without a blood exainmation which di^clo es the 
h-emoglobin deficiency the relatuely large number of micro 
cy tic hypochromic red cells and the low colour index A 
similar blood state is found but much less commonly m man 
and occurs m certain nutntional disorders including ca?lnc 
disease and some cases of sprue The iron defieiencv anTuiia 
of pregnancy c'chac disea«e or sprue resulting in a microcytic 
blood picture may be entirely obscured by a deficienca of the 
extrinsic or intrinsic factor and the opposite blood picture of 
megalocytic hx-perchromic anemia may result mi-xcd states 
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may also occ\ir and exceptionally a microcytic maj alternate 
M ith a niacrocj’tic ansemia in the same patient 
Pernicious anamia (Addisonian ana?niia) is a morbid state 
as'^ociated uith a characteristic, though not specific blood 
picture It is rather more common in men than in n omen and 
may occur at anj age, being most frequent in patients between 
tliirtj five and fifty years and extremely rare in earlj and 
> oiing adult life In untreated eases the a\ erago coiir«ie is from 
tno to three jears, mth spontaneous remi'isions m nhich the 
blood may return to normal and «ith almost invariably a fatal 
termination In addition to the blood changes and the 
symptoms of amemia, of which loss of vigour is the most 
prominent, the following associated conditions may be found 
Periodic attacks of glossitis leading to an atrophic condition of 
the lingual mucous membrane complete achylia gastnea m 
o\ er 93 per cent of ca^es and spinal cord lesions of the tyqie and 
distribution knoum as subacute combined degeneration of the 
cord The cord changes are often slight but occasionally form 
the predominant feature of the clinical condition Sirailai 
nerve changes occur uithout amemia but arc also associated 
uith achylia A familnl tyT>o of pernicious atiasmia is not 
uncommon and corresponds to the frequently familial distribu 
tion of ach^ha Achylia is often symptomless and only 
exceptionally proceeds to either anacima or spinal cord disorder 
The blood changes in pernicious anoemia are as follow 8 — 
The red cells are greatly dimmisUed often to a number in 
the near neighbourhood of 1 million per c mm 

The hKinoglobm « much diminished, but not in proportion 
to the decrease in the erythrocytes, so that the colour index 
IS high and usually varies between 0 8 and 14 In a typical 
case the red cells would be I million jier c mm the hannoglobin 
25 per cent , and the colour index 1 25 
The leucocytes are characteristically decreasetl to between 
3,000 and 4 000 per c mm 

In the stained blood the more important changes aie found 
in the red cells many of which arc abnormal m shape (jioikilo 
cytosis) and size (misocytosis) Poly chromatophihc cells are 
usually numerous, and other red cells arc present which show 
basic granules in their cytoplasm — the so called granular 
degeneration The average size of the red cells is above the 
normal as determined by the Pnee Jones cune (p 46) or 
with the help of the hasmatoent (p 47) Very large red cells 
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are commonij numerous in the fi(m and the megabcjto<!is js, 
geiieraJli endent on comparison with a norinai blood film 
AucJeatedred celis both normoblasts and inegaloblasfs maj he 
numerous 8r maj' onlj be found aftera careful search of thc'^e 
the former are found in an^ varietj of severe anTnua but the 
mcgaloblasts and in particular tbo«e of the primitive tvjie are 
almost diagnostic of this form of anemia Certain other hut 
less noticeable changes are present in the leuoocv tes namelj a 
relative increase m the small lymphocj'tes and to a less evtent 
in the eosmophil cells Occasional mast cells maj be present 
together with 2 or 3 per cent of neutrophilic mjelocrtes 
usually of the small type Old forms of polymorphonuclear 
neutrophils uith sit or more nuclear lobes can u«ually be 
foimd The platelets are dimmi^bed 
Many of the changes described above may occur in am 
form of anaemia if sufficient^ intense the changes most 
charactenstio of pernicious anaemia being the high colour 
index ^ith ^ low ted cell count the presence of ptwnitive 
megaloblasts and the luegalocytosis 
The conditions most bable to be mi*tal en for pernicious 
anaemia are tho«e due to certain hnorni organic causes which 
are capable of producing a severe an'emia and which mat on 
occasion fail to give their usual physical ‘'igns and symptoms 
Such are latent carcinoma and in particular carcinoma of 
the stomach Addison s disease mtcstmal parasites and the 
anasmias following severe or small and repeated liamiorrhages 
The severe amemias associated with infection by hotkno 
cephalvs lalus and with spnie may give blood pictures 
indistinguishable from that of pernicious nn'umia 

In the later stages of carcinoma metastatic nodules of growth 
miy lead to considerable involvement of the bone marrow and 
to a stnkiig blood state in which tie red cell changes are 
even more extreme than in pernicious aii'emia very numerous 
normoblasts and megaloblasts occurring The colour index 
ho vever is low Such a condition has been given the name of 
myehphthsic an(rmia In the puerperium a severe state of 
aniemia is sometimes met with and the associated blood picture 
may so closely resemble that of pernicious anauma that it is 
unwise to make this diagnosis m any patient with a recent 
history of pregnancy 

A further aid in the diagnosis of permcious ansemia is 
afforded by the hiematopoietic response to liver treatment If 
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half a pound of liver or its equivalent of extract is gi\ en daily 
bj the mouth there is a quiescent period of seven to ten dajs 
followed bj a rapid n<5e in the reticulocyte count which may 
reach to 25 per cent of the red cells, and the red cell count then 
rises and should increase by 500,000 per c mm per week until 
the normal Bgure is reached The increase m red cells is 
accompanied by a corresponding nse m the htemoglobm 
percentage The blood can usually be maintained at a normal 
level by the continuous admmistration of the appropriate 
amount of liver for the individual for an indefinite period The 
nen e lesions, if present, rarely progress under liver treatment, 
but it IS exceptional for even the minor sj mptoms to disappear 
entirely 

The rationale of hver treatment is still obscure, but it seems 
clear that i>ermcious anaroia is due to the lack of some sub 
stance necessary for the proper maturation of the red cells It 
is probable that this substance is manufactured by a preMouslj 
unsuspected gastnc secretion (the intrinsic factor) from an 
element of the food (the evtnnsic factor) and stored in the 
liver and in other parts of the body for use m the bone marron 
In pernicious an'^mia the intrinsic factor is missmg , m other 
forms of megalocytic anasmia the extrinsic factor is uantmg 
and may be replaced b> marmite which is rich in vitamin Bg 
The extrinsic factor is not, however contained m jeast, and is 
therefore not vitamin Bg, but possibly a protein breakdown 
product 

Haemolytic icterus in its usual form is a congenital familial 
disease aficcting both sexes The mam clinical features are 
jaundice v\ ithout bile in the urine splemc enlargement anaemia 
beconung periodically more intense attacks of splenic pam and 
a tendency to the formation of gall stones The routine blood 
examination shows an anaemia of varying intensity, which may 
be extreme The colour index is commonly high, and nucleated 
red cells, chiefly normoblasts, may be very numerous A 
feature of t’ne stained film is tlie presence of many polv 
chromatophilic cells which in vitally stained preparations are 
found to be reticulocytes These cells may exceed 40 per cent 
of the total red cells and reach a figure higher than is found in 
any other morbid state The diagnostic change in the blood 
13 the presence of a high percentage of abnormally fragile red 
cells This fragility is demonstrated by the ease with which 
the cells are hsemolysed in hypotonic salt solutions Normal 
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red cells, retain their Ji'emoglobm in solutions of sodium chlonde 
above 0 4 per cent the red colls in this disease are hiomolysed 
111 salt solutions up to 0 6 per cent or e\en stronger The 
disabibties of this condition maj be so trivial that patients may 
live to an ad\anced age without seeking medical advice Far 
more commonly a serious degree of ansemia is found and the 
expectation of life is short, for the«e cases splenectomy is 
ad%nsable, and results in diminution of the anemia and di^ 
appearance of the jaundice Tlie red cell fragilitj remains 
after splenectomj An acquired form of hsmolytic icterus is 
recogni&ed, and has similar blood changes, but the degree of red 
cell fragilit} is rarelj so extreme as in the congenital form 

SicJde-ceil anasmia is a congenital and famihal condition 
confined to the negro race In the latent stage of the diseise 
there is general glandular enlaigement, frequently spleno 
niegaly, and less commonly ulcers of the leg In the active 
stage there is pjTesia, ansemia, hepatic enlargement and general 
glandular hyperplasia, and id this stage the blood cbangea are 
considerable The red cells and hsemoglobin are much reduced 
and an appreciable leucocydosis is usual The diagnostic feature 
IS the appearance of the thm crescentic cells present in the stained 
film and m the fre«h blood In the latent stage blood changes 
are slight and no sickle ceJk arc found in direct preparations, 
but if a drop of the fresh blood is ringed vvjth paraffin and kept 
for some hours the crescentic red cells appear Ko effective 
treatment is knovrn and the patients rarely survive beyond early 
adult life 

Hzemophilia is a comparatively rare hereditarx disease 
transmitted by unaffected females to males and characterised 
by extensive hsraorrhages, foHoumg trifling causes Affected 
children rarely reacJi the age of maturity The e'^ential known 

morbid change is the alteration in the coagulation time of the 
blood The normal coagulation tmie of the blood aa estimated 
by Wrights method (p 45), is very constant, and is almost 
invariably ni the near neighbourhood of three and a haff 
minutes In haemophilia the time la greatly prolonged, some 
times to as much as half an hour, and hscmophihcs can be dis 
tinguisbed from other subjects of excessive hiwnorrhage by 
this specific change in the blood Hie length of the coagulation 
time fluctuates u ith the cUmcal condition of the individual, and 
during the remissions, when no bleedmg occurs, the clotting of 
the blood may be prolonged by only one or two mmutes The 
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cause of this change is still unknown, being held by some to 
reside in the plasma, bj others to depend upon the platelets, 
which are stated bj Hoi\eI! to be abnormall) stable and to 
disintegrate more slow Ij than the platelets of normal blood 
Chronic myeloid feukaemia {myelogenous leukaimia , spleno 
medullary leukaimia) Myeloid leukemia occurs either as a 
chrome or as an acute disease and the two conditions ha\o 
entirely different chnical states and blood pictures The 
chronic form may terminate, though rarely , as the acute con 
dition which more often arises independently Chronic my eloid 
leukiemia is a rare affection occurring in males rather more 
frequently than females the average age of incidence being 
from twenty five to thirty five years It runs a comparatn ely 
chronic course termmatmg fatally in about two years The 
early symptoms are trivial and usually due to the great size of 
the spleen, which may reach down to the pelvis Myeloid 
leuksemia can readily be diagnosed by an examination of the 
blood The blood changes are as follows (Plate III ) — 

The blood flows freely on puncture and may continue to 
ooze for some hours The fresh blood under the microscope 
IS quite characteristic , the leucocytes are so numerous that 
tlioy appear to but practically never do, outnumber the red 
cells The majority of the cells are seen to be granular, the 
refractile granules showing quite well m the unstained blood 
The red cells as a rule show little change, fibrin formation is 
present, and the blood platelets are citremely numerous and 
massed into large clumps 

The leucocytes are enormously increased, the usual number 
found in an untreated case being about 200,000 per c mm 
The red cells and haimoglobm are both diminished, slightly m 
the early stages, greatly in the later periods of the disease 
The colour index is usually below 1 0 

The stamed blood film is prepared with some little difficulty 
owing to the large number of leucocytes, which necessitates 
the obtaining of a particularly thm film without pressure As 
the film dries it presents a curious greasy , seim opaque appear 
ance due to the leucocytosis Over 90 per cent of the 
leucocytes are found to be granular and to consist of the 
followmg varieties — 

Poly raorphonuclear neutrophils . about 40 to 50 per cent 
Transitional neutrophils . . about 10 „ 
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Nootrophil myeloojte (both small and 

hi^ge) 

Eosuiophila 
Eosinophil myelocvtes 
Finely granuhr basophil cells | 

Mast cells , 

Basophil mjclocytes 
Araphophil mjelocytes 

A proxKirtion of the non granular cells consists of mjeloblasts 
and many intermediate ^ nneties of cells, which mav bo difficult 
to classify, are met uith Nucleated red cells both normo 
blasts and megaloblasta are usually found, and may be 
particularly numerous m ca<5e8 with severe ansemia or after a 
hemorrhage — a not infrequent occurrence m this disease 
The roost important of the blood changes ore— the great 
leucocytosis the enormous preponderance of granular cells , 
the absolute increase of mast cells and eo<unopIuI cells , the 
appearance Arrafftrow prototypes m the blood , the presence 
of nucleatecf red cells 

The blood picture of myeloid KuLaimia may be completely 
altered by treatment, particularly by the adramistration of 
arsenic or the application of \ rays The most common 
results of treatment consist in a diminution m the site of the 
spleen accompanied hy a decrease m the number of leucoctyes, 
which may fall to the normal number or even below the normal 
The differential count may be little altered, though exceptionally 
the stained film may shou httle evidence of disease, but as a 
rule occasional myelocytes persist and the mast cells remain 
relatively increased Cbmmonly the fall m the number of 
leucocytes is more marhed than the shnnkago of the spleen 
and a patient may have a leucoperaa with a spleen reachmg 
to the umbilicus Such a condition might be mistaken for 
splenic anaemia, and may persist for some months before « 
relapse occurs 

Chronic myeloid leukseima usually progre«:ses mth temporary 
remissions to a state of anscima incompatible with hfe 
commonly, and on rare occasions following over treatment the 
blood picture and the clinical state change to those of the acute 
disease death following shortly after He first indication of 
this change is the appearance of mj^loblasts in rapidly jncreas 
mg nurabera at the expense of the more mature granular cells 


20 to 30 per cent 

5 to 10 , 

2to 5 , 

6 to 20 „ 

2 to 5 , 

i to 3 „ 
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Acute myeloid leiikaemia is a rare condition, which may 
occur at any age, but is commonest m young adult life It is 
distinctly less rare among the Jews Usually arising de noio, it 
exceptionally supervenes as the terminal state of the chronic 
disease The clinical condition is associated with grave 
anicmia, fever hemorrhage from the mucous surfaces, purpura, 
enlargement of the bvcr, general IjTnphatic hyperplasia and 
splenomegaly Both Ij mphatic and splenic enlargement may 
be inconspicuous and difficult to detect during life Tlio 
condition usually terminates fatally in about six ueeks and is 
unaffected by treatment It is improbable that recovery ever 
occurs 

The blood picture is diagnostic There is a severe anaemia, 
often with a high colour index and associated with nucleated 
red cells m fam numbers The white cells are greatly increased 
at first, and consist almost entirely {up to 99 per cent ) of 
myeloblasts (Plate III ) These are sometimes small cells with 
very little cytoplasm, and are difficult to distinguish from 
lymphocytes , in other cases the myeloblasts are large and 
typical Less commonly the predoramant cell may be the 
pTimitwe monocyte As the disease progresses the total 
number of leucocytes tends to fall and, at the time of death, 
there may be an actual leucopenia Examples of this condition 
have been called pseudo leukiemia or aleuk®mic leukaimia 
Tbe state is one of marrow exhaustion m w hich at first primitive 
cells alone are found, and subsequently production fails 
altogether 

Chrome lymphoid leuksemia (lymphatic leukasmia) is less 
commonly met with than myeloid leukaemia, is very rare m 
women, and may arise at any time of life, but most often in 
middle age and least rarely among the Jews It is, in its ty'pical 
form, a chronic condition which may last for four or more years 
If it appears late in life, the course is usually more rapid and 
may termmate m a few months The condition is accom 
panied by considerable enlargement of the lymph glands , usually 
confined at first to one or two areas such as the chain of cervical 
glands The spleen commonly reaches to a hand’s breadth 
below the ribs and may be considerably larger 

The blood changes (Plate IV ) are characteristic In addition 
to an ansemia of the secondary type there is a leucocytosis up 
to 200,000 per c mm or more, and the great majority of the 
cells are lymphocytes The lymphocytes are usually of the 
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small ranety, but sometimes of the large, and least commonlj 
both types are repre<'en{ed 'Whatever th& type or types of 
cell present at the first evammation, no alteration of note in 
their relative preponderance occurs m the course of the di'^ease, 
but the total number may be diminished by X mj treatment 
The di«ea«e usuallj terminates b} a progressive anaimia or 
occasionally by mtercurrent sepsis 

Acute lymphoid leukaemia accompames a clinical state 
which appears identical with that of acute myeloid leukiemia 
and never appears to develop from the chronic lymphoid 
condition, the nhite cells m uhtcli always present points of 
difference from the myeloblasts There are, liooever no 
positive tests by nhieh primitive lymphoblasts can be distin- 
guished from myeloblasts, and until this is possible it seems 
preferable to descnbe the acute leukiemias with primitive non 
gnnular cells as examples of acute myeloid leubmiia 
Essential thrombopenla is a condition which, owing to its 
characteristic blood change^, has been differentiated from other 
purpuric states The clinical features arc attacks of purpura 
with severe h'eniorrhage, coming on often at interraL of seven! 
years, and splenomegaly The blood chnnges, in addition to 
thereof an ordinary secondary an»mn, are prolongation of the 
bleeding time without alteration m the coagulation time of the 
blood, failure of the blood clot to retract and extreme diminu 
tion in the blood platelets, which may fall to 10,000 per c mm 
or less The failure of the clot to retract and squeeze out the 
serum can be readily demonstrated by v\ ithdrawuig blood mto 
a small bore test tube and letting it stand overnight 
Splenectomv is foIlov\ ed by rapid amehorntion of the cbmeal 
state and a return of the platelets to the normal numbers 
Since the deficiency of the platelets ts in all probabibty due to 
a marrow defect and the part played by the spleen is shared 
b\ the remainder of the xeticulo-endothclnl system there 
remains a danger that the platelets may again be destroyed, 
v.hew the of splenic funebon has been compensated ci e- 
where and that a relapse may occur 

Diagnosis m all the morbid states described above is 
dependent upon an examination of the blood, and in the great 
niajontv of ca«es can be made with tolerable certainty 
provided that the fluctuating nature of the blood change® is 
recognised and that every advantage is taken of the dinical 
information dern ed from the patient 






CHAPTER II 


THE SECONDARY BLOOD CHANGES— THE BLOOD 
CHANGES OCCURRING IN CHILDREN 


Tiih seconclar\ blood changes and their diagnostic signifi- 
cances arc con\enicntlj described under the following five 
headings, which denote the predominant change associated 
with various pathological conditions — 

(1) An increase in the number ot white cells, or leucocjtosis 

(2) An increase m the number of eosinophil cells, or 
eosinophiha 

(3) A decrease in the number of white cells, or leucopenn 

(4) An increase m the number of red cells, or pol^ cj-thgemia 

(6) A decrease m the number of red cells, or oligocythsemia 

(1) Conditions a^ociated \nth a leucocjtosis 

Acute rflammation is the most important undcrljing cause 
of an increase in the white cells in the secondar} blood diseases 
A typical example of the acute inflammatorj process set up bj 
one of the pj ogenic organisms is met with in lobar pneumonia 
The blood changes present in this condition are as follows — • 

The blood clots readily, and an increase m the blood platelets, 
together with an excessive fibrin formation, is seen in the fresh 
blood A comparativelj mild secondary anaemia is usually 
present The leucocytes are markedly increased, often up to 
20,000 or 30,000 per c mm The number of the leucocytes does 
not fall vnth the temperature, but gradually dimmishes as resolu- 
tion occurs m the lung The stamed film (Plate II ) yields the 
following differential count — 


Polj morphonuclear neutrophils 

Eosinophils 

Large hj alines 

Small and large 1^ raphocytes . 


80 to 95 per cent 
absent 

5 to 10 per cent 
2 to 10 


The leucocytosis is seen to be due mainly to an absolute and 
relative increase in the polj morphonuclear neutrophils and 
to a lesser degree to an absolute increase in the phagocjd^ic 
hjalme cells 

CLIJTICiL PlTHOlOar 17 2 
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The complete, or almost complete, absence of the eosinophils 
IS a very constant feature, and the reappearance of these cells 
IS an indication that the uiflaramatoiy process is undergoing 
resolution 

I’erj oecasionaUj in acute loflimmation there is no increase 
m the leucocytes, and the\ ma^ even be diminished , the 
relative proportion of the leucocytes, however, is altered m 
the manner described above In a fatal ea<5e of extensive 
suppuration in the bile passages the total number of leucocUcs 
M as on!\ 3,000 per c mm , but the poU-morplionuclear reiitro 
phils formed 90 per cent of the w bite cells Such a blood 
picture occurs m a patient whose protectue mechanism h 
fading to react to the infection, and is of gra\c prognosis 

Even more rarelj, both the total number of white cells and 
the relative number of granular cells may be greatlj reduced, 
until the Ieucocj*tes fall to less than 1,000 per cmm and the 
pojnnozphonuclears maj be almost absent Tlie condition is 
known as agranulocytosis and ma\ be associated with a severe 
and often fatal septic and necrotic state of the buccal cavitj 
The failure to form granular celb is u5naU> accompanied by 
«evere red cell loss and the blood «tate is thus ven similar to 
that of aplastic anaenua, a condition which ma\ oUo be com- 
plicated by «epsi3 and necrosis 

The blood changes of acute mflarumation are found m lobar 
pneumonia and accompany infections bj any of the pyogenic 
o^ganl^ms, such as the streptococci, staphjlococci, colon 
bacilli and the like, and are of assistance m arriving at a 
clinical diagnosto In a ca«o of doubtful appendicitis an 
inflammatory blood count means that there is acute inflam 
mation m the body, not nece^nlj in the appendix It 
does not mean that actual suppuration has taken place and that 
immediate surgical interference i- Dece^^arj on that account 
The proce^^ses of acute mflammation and suppuration differ onh 
m degree and so do the changes m the blood ^Vhen pus is 
pent up m the bodj the leucocytes tend to increa-je, uben 
inflammation is resolving the white cells dmnm«h and the 
eosinophils reappear A nsing leucocyte count in a case of 
appendicitis is evidence of ab«ce*'s formation , a falling count 
with a diminution m the relative number of pol^Tnorphonuclear 
neutrophils is evidence of resolution The clmical value of 
the blood examination therefore depends not onlj upon an 
enumeration of the total number of leucoc^-tcs preheat, but 
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also upon, an estimation of the relative percentage of the cells 
found in the stained blood, and in addition a senes of 
examinations maj be necessary 

Fevers Among the pathological processes giving similar 
changes in the blood are certain specific fevers, such as scarlet- 
fever, riieumatic fever, and the pustular stage of small po\ 

In carcinoma, particularly m carcinoma of the intestine, an 
inflammatory blood count is usual and is probably due to 
the infective processes set up by the grouth (see also p 101) 
Haemorrhage, particularly ivlien associated with intestinal 
lesions, is frequently follouetl by an mflammatory lencocytosis 
In tuberculosis, in its usual and comparativelv localised 
forms, the blood changes are very different, but m generalised 
tuberculosis especially with widespread glandular involvement, 
a tyTMcal inflammatory count is common If a patient 
with general glandular enlargement is found to have a high 
leucocytosis of the polyrnorphonuclear variety , the condition is 
extremely Id^ely to be tuberculous 
The presence of an inflammatory leucocytosis is always 
strongly suggestive of one of the above diseases, and helps to 
distmguish them as a group from any of the affections com 
monly associated with a leucopenia, such as influenza or 
typhoid fever A leucocydosis occurring in typhoid fever 
indicates that some complication is present — for example, 
perforation or an infection of the bile passages A continuous, 
high and rising leucocytic count suggests that an inflammatory 
process has gone on to pus formation A low total count mth 
a high relative number of polymorphonuclear neutrophils is of 
grave prognosis 

While an inflammatory leucocytosis is found w ith all acute 
septic lesions, an apparent exception must be referred to m 
tropical abscess of the liver. In this condition particularly 
when latent, leucocytosis is frequently absent , but it must be 
remembered that the “ abscess ’ is in reality a chronic necrotic 
condition and does not contain pus If infection by pyogenic 
organisms occurs in the necrotic bver a leucoctyosis supervenes 
A leucocytosis resulting from an increase in the Ijunphocytes 
is met with in. Ieuk«mia, pertussis and glandular feier, but in 
practically no other conditions There is, however, a rare 
disease syndrome associated with a considerable leucocytosis, 
due to a relative and absolute incr^ise of the small lymphocytes, 
and occurring m patients with a generalised erythrodermia 
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The striking red condition of the skin precedes the blood 
change and in the Jatest stages there is a IjTnphatie infiUratron 
of the dermis Tlie<!e eases appear to differ on the one hand 
from the generalised erythrodermn of mjcosis fungoides 
winch goes on to tumour formation but is unaccompanied b% 
changes m the blood and on the other hand from those 
exceptional eases of Icuk'eiun in arhich local infiltrations of the 
sJ in develop 

The Arneth index Morphological changes in the pol\ 
morphonuclears in the inflammations can be more clo'sely 
studied bj observation of their relative matuntj The more 
rapidlj this cell is produced the more nearly it approximates 
to the mononuclear m5eIocjde and coiisequenth fewer lobes 
are present in the jmclens The Arneth tndex elaborates th« 
principle The cells are graded from 1 to 5 according to the 
number of nuclear lobes and the percentage of cells shomng 
one or tw o lobes is added to one half the percentage of those 
w ith three lobes w hen this sum exceeds 50 the immature cells 
are in excels and the index is said to be shifted to the lefty 

(2) Conditions associated with an eosmophiha 

Animal parasites are among the most important agents 
capable of producing an increase in the eo«inophil celb Anx 
of the common intestinal worms raav cause an eosmophiha 
and in particular the ancylostoma irhicb produces in addition a 
severe anTsmia of the secondary tipe Trichmo«!is hjdatid 
disease fihriasis and bilhama disea’^e aho produce an 
eosmophiha Tlie increa<se in the eosmophil cells is usuallj 
accompanied bj a leucocxtosis and the relative percentage of 
the eosinophils maj vary from & to 60 per cent or exen more 
so that tlie total mcrease in the^e cells maj be very considerable 
In the case of hj datid disease an extreme eosinoiihiUa acconi 
panics anj leakage of fluid from the cj st but the intact and 
particular!} the fibrous or calcified cyst may produce no blood 
changes An eosmophiha js not imariabJe «i any of these 
parasitic infections and ma\ be absent m uncomphcatetl ca^es 
As an aid to diagnosis in doubtful cases the pi-e«ence of a well 
marl ed eosmophiha is of \alae a negative blood examination 
is of Ie‘!8 significance 

Skin lesions Eosmophiha is a condition associated xnth 
many varieties of affections of the skin It is present m 
urticaria m psoriasis and m dermatitis herpetiformis In tiie 
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latter condition the majority of the celk present in the huUie 
ma\ be eosinophils 

In the specific fe\ers associated with si m eruptions and 
alreadj mentioned as being accompanied by inflammatory 
changes in the blood a considerable eosinophiha is present m 
the earlj stages In small pox the number of eosinophils 
maj be very high in chicken pox measles and scarlpt fe\er 
the condition is not so marked Both in small pox and m 
chicken pox eosinophils are also present in the lesicles but 
disappear from the blood and from the skin lesions when 
suppuration takes place 

Blood diseases As alreadv stated the eosinophils ate 
increased m raj eloid leukiemia and to a less extent m pernicious 
anaemia In the latter di’»ease an eosmophilia often of 10 per 
cent or more usuallj follows Ii\er treatment Following 
excision of the spleen in animals Ehrlich found the eosinophils 
increased after a considerable period a similar result has been 
noted to occur in human beings but as a nile the relative 
increase m these cells is verj slight 

Spasmodic asthma and states of protem sensitisation such 
a.s serum sickness and the urticarias of food poisoning are 
accompanied by an eosinophiha in the blood In uncomplicated 
asthma the sputum contains manj eosinophils but the blood 
eosmophilia rarely exceeds 10 per cent 

Spring catarrh a rare affection of the ejes is associated 
wuth an eosinophiha m the blood and with large numbers of 
eosinophil cells in the conjunctixal discharge 

(3) Conditions associated with a leucopenia 
Chronic inflammation The blood chahges as'?ociated with 
the chronic infective granulomata tuberculosis and sjphilis 
are the reverse of tho^e set up by the pjogenic organisms 
The total number of leucocytes is diminished usuallj to 
between 3 000 and 4 000 per c mm and the relative number of 
the IjTuphocjdes is increased The type of lymphocjde usuallj 
increased is the small ljTOphocj*te a cell identical with or at 
any rate verj similar to the lymphoid cell found in. the giant 
cell system of tuberculosis and m the serous effusions associated 
with tuberculous and sj"phihtic diseases In addition to the 
leucocytic changes there may be a considerable reduction in 
the number of red cells and in the percentage of hsemoglobm 
The colour index is low 
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A 131110.11 blood eiammition would give the folloiniie 
result — ° o 

500,000 per c mm 
45 per cent 
OG 

3,000 per c mm 
. 40 per cent 

• 3 

• * 

• -JO • 

• i3 , „ 

100 

In acute general tuberculosis, and particufcvrly m wade 
spread tuberculous Ijmpbaderutis, the blood changes are 
irequentlj’ those of acute mdammation, as has been mentioned 
under that beading 

Fe\ers Certam fevers are as«ociated wuh similar blood 
changes, the more important being typhoid ^ever, influenza, 
malanaj^and measles^ In malana and other tropical 
the large mononuclears maj be notabl> increased In a febrJe 
ca^e of doubtful nature a complete white cell esraniination lua) 
be of considerable assistance m differentiating between the 
acute inflammatory and the non suppurative affections, as, for 
eiample, between a pneumococcal infection and mfluenza*' 

Hodgkin's disease, splenic anxmia and Banti's disease form 
a small group of morbid states of unknown etiology which do 
not give rise to any characfcristic changes m tlie blood, other 
than the secondaty an-^mn a«»ociated njth a leucopenia and 
a relative Jimphocytosis common to so many conditions In 
none of these affections can a diagnosis be made from a blc^ 
examination alone In Hodgkin’s disea'se the general glandular 
enlargement, together avith the mcrease m the size of the 
spleen, may lead to a diagnosis of lymphoid leuk-emia, and this 
can be netratived at once by a blood examination The two 
conditions, however, have Jess clinical sumlanty thin might he 
expected In lympho sarcoma and m glandular tuberculosis 
there is no constant blood change capable of diatmgmahing the 
glandular enlargements from tho^ of Hodgkin’s diseeao A 


Red cells . . .3 

Hiemoglobm 

Colour index . , 

White cells 

Differential count — 

Polymorphonuclear neutrophils 

Eosinophils 

Large fayalmes 

Small lymphocytes 

Large lyraphocy tea 



HODGKIN’S DISEASE— SPLENIC ANEMIA 23 

large inimber of nucleated red cells ivith the appearance of 
mjeloid leucoctjes uould be in favour of sarcomatous or 
carcinomatous glands vnth other deposits m the bone marrou 
Tile presence of a high polymorphonuclear leucocjdosis would 
be m favour of tuberculous disease A moderate eosmophiha 
IS not uncommon m Hodgkin’s disease, but it is too inconstant 
and insignificant to be of diagnostic value The only certain 
method of diagnosis consists in the removal of a gland for 
histological examination, a proceeding which in the case of one 
of the discrete and superficial glands maj readily be carried 
out under local anasthesia 

Splenic anasmia on clinical grounds alone is difficult to 
distinguish from mjeloid leuksinia but the latter disease can 
be recognised at once by a blood examination In splenic 
anemia the red coll and haimoglobin loss maj not be great, 
but the diminution m the number of leucocytes is more 
pronounced than m any other condition associated uith spleno 
megaly The white cells may fall below 1,000 per c mm and 
are commonlj between 2,000 and 3 000 per c mm 

Banti s disease is the name frequently given to a condition 
associated with gross disease of the splenic vessels and accom 
panied by splenic enlargement with cirrhosis of the liver, 
hcematemesis, jaundice and ascites occurring in the later 
stages Such a condition is hardly that of Banti’s original 
description, and it must be recognised that cases of splenic 
anaimia and of Banti’e disease constitute a group of varied 
states which have not jet been differentiated The blood 
picture in all of them is simdar 

In addition to the diseases already enumerated tlus tj'pe 
of leucocj’tic change is also met with in numerous conditions 
which affect more noticeablj the red cells ond hiemoglobm A 
leucopenia with a relative Ijmphocj'tosis has already been 
stated to occur in chlorosis and pernicious ansemia among the 
primary blood diseases , they are also found m the anasmias 
of malignant growths, among workers m metallic poisons, and 
m numerous other morbid states 

A low colour mdex anaemia of greater or lesser degree 
associated with a leucopenia and a relative Ijmphocytosis is 
therefore a blood picture common to a great diversity of 
conditions In young chfldren a relative Ijunphocytosis is the 
rule, and even in the normal adult the proportion of lympho 
cjdes to polymorphonuclear cells is greater than is commonlj 
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stated, 80 that the diagnostic value of such a bJood condition is 
maml} ofa negative character indicating the ab'^ence of septic 
conditions rather than the pre«!ence of a particular clinical 
entitj 

(4) Conditions associated with an increase m the number 
of red cells (polycj'thsemia or erythraemia) 

The number of red cells is capable of acconimotlation to 
circumstances, and is increa«=ed at high altitudes, during 
starvation, and temporanlj after the removal of large quantities 
of fluid from the body, as after tappmg an ascitio abdomen 
Polycj'thffimia la accompanied bj an increase m the hjemoglobin 
percentage and is found m the following morbid conditions — 

Cardiac failure, accompanied by cv'anoeis and general venous 
stTsis, leads to an increase in the number of red cells m the 
peripheral circulation The number frequently varies between 
7 and 8 milhon per c mm 

Congenital morbus cordis js almost mvanahh accompanied 
by a considerable polycythemia , the number of red cells may 
exceed 8 anlhon Polycytha?mja may be present when the 
cy anosis is bv no means obvious , it is temporarily reduced by 
bleeding 

Erythrsemia The blood changes of this condition have 
already been described (p 6) 

(6) Conditions associaterl with n decrease m the number of 
red cells (ohgocythsnxia) 

A decrease in the number of red cells is invanabh associated 
with a decrease m the percentage of baimoglobin, and it is 
this blood condition which is commonlv referred to by the 
loose clmical evpre^ion “ anaemia ” If the unquahfied term 
' amemia is u'led at all it must be apphed to designate a 
physical sign and never as tbe diagnosis of % th^ei^e 

The chmcalrecognitionofthean»micstateis often mipo'i'iible 

Nothmg can be more fallacious than the common idea that the 
colour of a patient s face^ or even of Ins bps and conjunctiv-c 
IS any guide to the extent of his aniemia 3Iany sallon 
compiesioned young women are given iron over periods of 
years to cure an anjemia from which they are not suffering, 
and one has frequently fallen into the error of expecting in a 
patient a considerable reduction in the red cells and h vmoglobin 
when there is little or none 

Tlie erythrocytic mechanism of an adult m ordinary health 
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IS ^ erj c^ enlj regiihted, and anj serious drop m the red cells 
or 111 the hTemoglobm content is to be regarded as a definite 
indication of organic disease 

The following are among the more important conditions 
associated n ith a diminution in the red cells and hTemoglobm — 

Hzemorrhage is the simplest and most ob\ lous cause of blood 
loss and is naturally followed at once by a proportionate loss 
in red cells and hannoglobin The red cells formed with 
great rapidity to replace those lost are deficient in hemoglobin 
consequently the colour index quickly falls After a single 
hEemorrhage the blood readily returns to normal jn periods 
\ ary mg mth the amount of blood lost and the recuperatiie 
powers of the indiiidual The blood lost by a normal person 
during an operation attended with considerable haemorrhage 
should be replaced in from two to three weeks Repeated 
small hieraorrhages may lead to a considerable degree of 
anaemia and if the bleeding has escaped observation the chmeal 
state of the patient may come to resemble that of pernicious 
anismia The following may be given as an example of the 
condition m such a case 

Fresh blood Rouleaux formation slight Fibrm formation 
normal or excessive Poikilocj tosis present — 

Red cells 2 500 000 per c mm 

Haomoglobm 30 per cent 

Colour mdex 0 6 

\Mute cells normal in number or an increase of tlie acute 
infiamraatory type 

Stained blood Poly chromatophilia present but not extreme 
Pale, microcytic cells numerous Occasional normoblasts seen 
but no megaloblasts White cells often show some increase 
in the relativ e numbers of polymorphonuclear neutrophils 

Such a blood state is found not only after h'emorrbage, but 
m numerous conditions associated with ‘ au'crma ” and is 
of the kind referred to as of the chlorotic or secondary anannia 
type The state differs from that of chlorosis in that the reel 
cells are commonly more affected and the colour index higher, 
though these differences are too slight to permit of a differential 
diagnosis from the blood exammation alone It is of great 
importance to distinguish this secondary type of anaimia from 
pnraary or pernicious ansemia The main differences m the 
secondary type are the rarity with which the red cells fall below 
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2 million a colour index less than 0 8 the small pale reel cells 
and the absence of primitive megaloblasts 
>felalhc poisons ^\ort.er!> in arsenic antlmon^ lead and 
similar metals maj develop an anaimia of the secondary tjpo 
Basic granular degeneration of the red cells is especially 
characteristic of lead poisoning Granular degeneration is 
present rarely in other diseases accompanied by a secondarj 
anxmia but may be pronounced in pernicious amemia In 
acute lead poisoning such as is met with after attempted 
abortion granular degeneration of the red cells is usually 
extreme but m the chronic poisomng of workers m lead the red 
ceil change is often not so easily demonstrated nor so constant 
as the appearance of the blue line on the gums it may often 
be detected bj a methylene blue method (p 47) when it is not 
visible in a Leishman preparation but by the former method 
fine granules may appear in some of the red cells of normal 
blood Basic degeneration or more properly stipplmg 
of the red cells is probably not a degenerative process either 
of the cell or the nucleus The fine basic granules appear to 
represent fragments of altered reticular substance 
The cachexias of carcinoma and tuberculosis are often 
associated nith blood loss and consequently with a similar typo 
of aniemia which is sometimes the firet pliy sical sign of serious 
disorder In the absence of considerable or small repeated 
hemorrhages these conditions together with syphilis nephrite 
diabetes mvxosdema Addisons disea'se and other clironic 
affections are commonly accompanied by an'cmia of a different 
type The form of anosmia is known as the simple microcytic 
the red cells being small but saturated with h'emoglobin and 
the colour index in consequence below normal but above that 
of the microcytic hypochromic anicmias 

Summary The red cell and h-emoglobm abnormalities in 
the blood diseases and in the secondary anemias cannot at 
present be tabulated m any final or satisfactory manner but a 
partial classification may be attempted to include the commoner 
types of macrocytic and microcytic anajmias 

(I) Macrocytic (a) Intrinsic fector mi‘<sjiig 
Pernicious anffiniia Sprue 
(b) Extnnsic factor missmg 

(1) Lack of intake hlaliintntiQn Tropical aniemn of 
pregnancy 
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(2) Lack of absorption Steatorrhcea Sprue (some 
cases) 

(2) Microcytic, (a) Simple 

Secondary to infections and disorders unaccompanied by 
bajmoirbage 

(6) Hypochromic — due to iron deficiency 

Chlorosis and the microcytic an®mia of women, chronic 
hffimorrhago Steatorrhosa and sprue (some ca< 2 es) 

Thus any one or more of the three chief factors necessary to 
red cell production may be missmg , also the evtrmsic factor 
and/or iron may be present m the food and not utilised owing 
to abnormal mtestmal conditions Recognition of the typo of 
amerma present will indicate whether liver, marmite (extrinsic 
factor) or iron is essential for treatment but it must be recog 
nised that \ ariations in the intake and the absorption of one or 
more of the necessary factors may not only give rise to ihfferent 
blood pictures in the same disorder as in sprue but may produce 
alterations of ty'pe in the same patient 

THE BLOOD CHANCES OCCURRING IN CHILDREN 

Before considermg the changes which may bo found in the 
blood of infants it is necessary to appreciate that m children 
less than fixe years old the normal blood presents several 
differences from that of adults and tends to react eiccessively 
to abnormal stunuh. 

In infants the total leucocyte count is high and the lympho 
cytes relatively numerous Nucleated red cells are present at 
birth, and persist for several months after birth The blood 
readily reverts to the fcetal or bone marrow ty'pe m disease, and 
fluctuations in the number and character of the cells, such as 
would mdicate the gravest disorders m on adult, may have httle 
serious roeanmg in an infant The blood forming mechanism 
in an infant has had much the same time to steady down as its 
'neat TegtdaiTng cerAro un4\»iA\iTiiay\ietKriijiunti’Ay 
by the cutting of a tooth 

The extreme characters of the fluctuations m the blood of 
infants renders the pathology of the blood obscure and any 
classification of tbe blood diseases of children almost impossible 

The blood changes of infants may be divided into — 

(1) The blood diseases 

(2) The secondary blood changes 
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(J) The blood dicea^es of infants 

Pernicious anffimia and lymphoid letiksemia In\e both been 
described as occurring m infants, and ifc is possible that a ^erj 
few of the reported cases are geiuune examples of these 
conditions The l}mphoc\tosis of whooping cough maj 
present a blood picture x erj eimilar to that of chronic IjTiiphatie 
leuk^mn, a condition which is almost non existent m children 
Occasional examples of fatal and severe ansemia of unsohed 
etiologj met w ith in childhood are not imlilwc the Addisonian 
anaimia of adults An aplastic type of anaimia is al&o rareh 
met with in the joung It u. doubtfiil however, if either 
pernicious or aplastic an»niia of the types met with in adults 
arise during infancy , and such diagnoses should be made xnth 
the greatest reverie 

Myeloid leuksemia occurs m young children though verj 
mfrefiuently In its chronic form only a few eiaraples ba\e 
been seen by us In one case, a child of fix e years, rev ersion to 
the acute pha«e took place in a few months Acute roj eloid 
leukemia is most frequently found among young adul^ and 
may affect quite young children It usuaUy takes a form to 
w hich the special name of chloroma has been given 

Chloroma may be regarded as a Tanety of acute myeloid 
leuksemia, w ith some peculiar cluneal and pathological features 
The blood picture is that of acute myeloid leukiemia, or aa it is 
sometimes described (if the distinction between immature 
lymphocytes and small myeloblasts b. not made) of acute 
lymphoid leukscmia The special features are a tendency to 
occur in children or even quite young infants, the production 
of tumours about the skull, due to subperiosteal infiltrations 
b\ the mveloblasts proptosis ‘=econdarv to orbital infiltration 
and the presence of a green pigment in the periosteal swellings 
Tliese infiltrations are suggestive of malignant metasta«es and 
occurring m the viscera in other forms of leukiemia have led 
some to class these affections among the neoplasms 
In cbkfronia the periogteA eneihi^ occur in situations veiy 
liable to induce errors of diagnosis, such as over the mastoid 
process or the frontal sinus leading to operative mterference, or 
over the parotid region suggesting a diagnosis of mumps Hie 
usual association of extreme pallor, bleeding from the gums 
and purpura should lead to a blood examination, when the 
condition can be at once recognised The green pigment, 
which gives the condition .ts special name, la occasionally 
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met witli m other forms of chronic and acute myeloid 
leukaemia 

Splenic anaemia of infants (A^on Jak^ch s anaimia An«mia 
infantum pscudoleukaimica) This is a disease affecting quite 
j oung children and accompanied b3 great enlargement of the 
spleen and moderate enlai^ment of the h\er The affected 
child may reeoier completelj or maj die or may impcoie and 
be left with a large spleen and maj subsequentlj come into the 
category of Banti s disease It is still a matter of dispute as to 
u hether the disease constitutes a clinical entitj or is a condition 
secondarj to rickets or congenital sj’philis Rare cases are 
however met with m which no evidence of either disease 
can be found and in which the I\assernnnn reaction is 
negative Such cases present a fairlj tj'pical clinical picture 
and a striking if somewhat vaneil blood condition so that it 
la reasonable to describe them for the present as examples of 
the primary anaemias of children 

The mam features of the blood condition are as follows — 
The red cells and hieraoglobin percentage are greatlj reduced 
the former to a number between 1 and milbon per o mm the 
latter to from 10 to 30 per cent 
Tlie white cells are increased often to a marked degree and 
frequentlj number from 30 000 to 40 000 per c mm 
The stained film is \er> Teraarkabl© an I roaj display evoij 
laiown kmd of blood cell in considerable numbers Nucleated 
red cells are alwaj’S present and usually in escessn e numbers 
200 raaj be seen while counting 500 leucocytes Isormoblasts 
are greatlj in excess of megaloblasts The relative percentage 
of the leucocj^es is very variable and the predominant cells 
may be ly mphocytic but arc more frequently my eloid My elo 
cytes especially the small typo of neutrophilic myelocyte 
are numerous 

More rarely a great enlargement of the spleen may be 
associated with extreme red cell changes a high colour index 
and little or no change in the leucocytes 

Cases of splenic enlargement of this kind in children w hether 
a««ociated with congenital sy'phihs or rickets or of the \ on 
Jaksch type have become much less common during the last 
ten years 

Erythroblastic anaerma Cooley has described a sciere 
an$mia occurring in children of Mediterranean stock and 
accompanied by considerable splcme enlargement and certain 
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skeletil changes The red cell disturbance is extreme and 
verj simiKr to that found in von Jaksch s anmmia, nucleated 
red cells being particularly numerous 
Glandular fever is considered here, though it is by no means 
confined to children It is met with in two forms, of which 
the milder affects children and young adults, appearing in 
communities in epidemic ibrm It is a mild febrile condition 
accompanied by glandular enlargement is of comparatively 
short duration and has no mortality The blood changes 
consist in a leucocydosis of from 10 to 40 000 per c ram , -nith 
n very high relative lymphocyte count but the blood picture 
often fluctuates and the lymphocydosis may be missed at a 
single examination nor may it appear in all patients in the 
same epidemic The more severe form occurs more often m 
young adults and commonly starts with a sore throat, which 
may be followed by a mobilifonn ra'^h The glandular swelhng 
la generally most obvious m the neck and enlargement of the 
spleen is usual The fever may be high and may persist for 
several weeks or even months The general condition of the 
patient is as a rule remarkably good The blood picture is 
almost diagnostic since, in addition to the lymphocytosis, a con 
sjdenble proportion of immature laige lymphocytes or lympho 
blasts are nearly always present In the majority of eases a 
positive or feebly positive Wassermann reaction is present, 
but for a short period only It appears to be the latter or 
more severe condition to vrhich the term tn/eclne mononucleosis 
has been given in the United States 

Hcemophdia and hcemolytic icterus may be considered among 
the blood diseases of infants Both conditions are described 
m the previous chapter (pp 12 and II) 

(2) The secondary blood changes 

Rickets and congenital syphilis are among the most important 
primary conditions capable of producing extensive alferafwn 
m the blood of children A considerable enlaq!ement of the 
spleen and hver is frequently associated and a condition 
produced which may be very similar to that of splenic anieraia 
infantum The degree of anieima may be grave and nucleated 
red cells numerous In some cases the leucocytes are greatly 
mcrea^ed in others there may be a leucopenia, with a relative 
lymphocy tosis The blood changes are very varied and rarely 
pre'^ent to the degree seen in spimuc anaimia from which the 
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secondarj blood disea'^es are to be diagnosed partl> bj the 
minor enlargement of the spleen and the less obvious blood 
alteration but mamly bj a recogmtion of the ongmatmg 
raclutic or sypluUtic factor 

Gaucher s disease A familial disorder accompanied bj 
spleno megal^ together v itli enlargment of the liver and some 
times of the l^mph glands giaes rise to no blood changes other 
than an an'emia of the secondarj type Other spleno raegalies 
of children associated u ith the names of Niemann Pick and 
Ebstem are similarly imaccompanied by aiij characteristic 
changes in the blood These conditions maj not give rise to 
sjmptoms until earlj adult life 

Pertussis Aleucocjtosis which maj reach 00 000 per c mm 
w itli a high rehtiv e I 3 mphocj tosis 13 sufficiently constant m the 
course of whooping cough to be of considerable diagnostic 
value The lymphocytes are of the small variety and the 
increase tabes place early m the disease 

Infantile scurvy (Barlow s disease) is usually associated with 
•V severe antemia of the secondary type and as a rule with an 
inflammatory leucocy tosis 

Idiopathic steatorrhosa (the cochac aflection of Gee) may bo 
accompanied by no blood changes but more commonly by a 
severe anssmia Theredcellchangesmay beoftheraegalocytic 
and hyTierchromic ty^pe similar to those found m sprue and 
responding to treatment by marmitc or of the hypochromic 
microcy tic type responding to iron In another proportion of 
cases the blood picture resembles that of the erythroblastic 
anaemia described by Cooley 

Purpura in its various forms is not confined to children but 
occurs m them more commonly than m adults The most 
extensive purpura may not bo accompanied by any character 
istic changes in the blood As a rule there is a mild secondary 
ansemia and the leucocytes are unaltered The coagulation 
time IS normal and there n no increased fragility of the red 
cells In essential thrombopema (p 16) the bleedmg time is 
prolonged and the blood platelets greatly diminished m 
children attacks may follow each other rapidly and lead to 
grave anfemia 



CHAPTER m 

THE METHODS OF EXAMINING THE BLOOD 

The ordmin routine e’cimmntion of tbc bJooii mdudcs the 
foUou mg mrestigitions — 

(1) The unstamed blood 

( 2 ) The percentage of haemoglobin 

(3) The e'^timation of the number of nxl cells to the cubic 

millimetre 

(4) The estimation of the number of leucocvtes to- (he 

cubic miilmietre 
(o) The ‘Stained blood 
The €v.ential apparatus comprises — 

A microscope 
A hwraoglobinometer 
Blood pipettes and diluting fluid 
A ha?cuoc\*totueter 
A special blood «tam 
Shdea and cover glas^e 
A dr\ swab ether and a «uigical needle 
The majoritr of tbe<e materiaN are de'Cribcrl under their 
appropriate heaclmgs The micro cope is convementlj referred 
to here 

The microscope A thoroughiv reliable instrument i 
necessarv not onla for the esanunation of the blood but for 
numerous other patholc^cal investigation'' in common u^e 
For a student who is not hampere<l b\ motive of cconomv or 
bj the previous pO'si'e''Sion of an infenor imcro-.cope the choice 
la not ^fficult if be bears m mmd the following pomts The 
microscope should have a firm base should be provided mtb a 
diaphragm and condenser a mechanical stage a triple no^e 
piece for objectiveshavingthefocaldutance-'ofs ^ andj^Tinch 
and at most three eve pieces \o 1 (X 4 diameters) No 2 
(X 6 diameters) Jvo 4 (X 10 diameters) The low ixu'cr 
eve piece should be Used tbrallordinarj work The mechanical 
stage hould be famit mto and form part of the framework 
of the microscope it need not necc'sarih be graduated 
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Thoronglilj reliable microscopes are manufactured bj a feu 
of the leading English firms and there is no necessitj to obtain 
an imported instrument Biscnmination must however be 
used m the selection of the jV inch objective since there is 
considerable lanation in quality not onlj between lenses of 
different manufacturers but between those of the same firm 
If necessary the triple nose piece can be dispensed with and 
a double or e\ en single nose piece used A mechanical stage 
can be fitted to almost anj microscope but is seldom entirely 
satisfactorj If much microscopic work is done a binocular 
instrument is greatly to be preferred 

To obtain the blood Rub the lobe of the ear lightly with 
ether and allow it to dry \\ ith as rapid a movement as 
possible mal e a deep puncture w ith a surgical needle The 
novice IS apt to press tho needle deliberately into the ear giving 
the maximum amount of pam and obtaimng the mimraum 
quantity of blood Bj a rapid stab sufficient blood can bo 
obtained from a sleeping infant without awakening it The 
best needle to employ is the ordinary straight Hagedorn No 0 
It should be sterilised before u«e by rapid pasiage through a 
flame The special instruments of torture pro\ ided with nearly 
all forms of blood apparatus should be ovoided The drop of 
blood must be allowed to flow out and should not be squeezed 
out since pressure upsets the equiitbniim between cells and 
plasma Sufficient blood can rarelj be got from tho finger 
without pressure it can always be obtained from the ear 
The unstained blood Place a cover glass with one edge 
flush with the edge of a slide Hold the two lightly in apposi 
tion with the thumb Place tho apposed edges agamst a drop 
of blood and the blood will flow between slide and cover glass 
Examine within 10 minutes or so using the | inch objective 
All the available light should be thrown through the condenser 
and the diaphragm should then be closed down until the 
corpuscles stand out clearlj If the diaphragm is left wndely 
the. cdUs ca-cjont hd seea afc all 

Obserxe the extent of rouleaux and fibrin formation the 
collections of blood platelets the shape and size of the red 
cells and the relative proportion of white to red cells Gross 
changes in the blood such as occur m the leukaemias can be 
recognised at once by this simple process some of the nunor 
changes can be obsened m no other way and it should never 
be omitted Spirilla filaria and tr3panosomes can be readily 
CTt^ CAl PITHOIOQT , 3 
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Pio 2 — Hie TTustsuied Stood ui ttlyctoid X-eukgjnia 

recognised if present Malarial parasites are more certainly 
identified with a -j^inch objective , the eje is attracted to tliera 
b\ the dancing of their pigment granules 
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The haemoglobin Some form of apparatus is necessarj for 
the estimation of hccmoglobm , the blottuig paper method of 
Tallqvist gives an approximate readmg onl^ Numerous 
hTmoglobmometers are available but u e are still without an 
entirolj satisfactory instrument suitable for routine use One 
of the following types is recommended 

The Dare haemoglobinometer made b\ the Richer Instrument 
Company of Philadelphia is a somenliat bulky and expensive 
instrument The blood is taken from the lobe of the ear 
and IS allowed to flow by capillary attraction between two 
slips, one of glass the other of porcelain held together by a 
screw The film of blood is examined as soon as it is taken 
and before it has time to dry by comparing it with a circular 
wedge of tmted glass rotated by a screw Illummation is 
provided by a candle or an electric torch When the exact 
match between blood and colour standard is found, the readmg 
of the standard m that position is given m percentages of 
h-emoglobin and in grams of hicmoglobm the normal 
standard of 100 being the equivalent of 16 grams of haemo 
globm per 100 c c In our hands the standard of normal 
males is well below the 100 per cent recorded by the scale 
provided 

The readmg should bo taken m a dark corner of the room, 
aw ay from the light Several rapid readings on the same blood 
specimen taken and compared should show little variation 
Too long an observation tires the eye and is to be avoided As 
with other forms of h®mogIobmometer readings m the lower 
part of the scale are easier to make than those in the upper 

Haldane’s hxmoglobinometer is a modification of Gower’s 
A measured quantity of blood is taken into a graduated tube, 
saturated with carbon monoxide gas and diluted until it 
matches a standard solution m a second tube Numerous 
modifications ofthisapparatusare muse , mSahIi’sin<5trument 

N 

the blood is mixed w ith ^^HCl to form h®matm hydrocbloride 

and compared with a standard solution of the same substance 
The Haldane apparatus has the disadvantage that carbon 
monoxide is required but is the more accurate mstruinent 

All the instruments referred to above are provided with 
leaflets giving adequate instructions For ordinary climcal 
purposes one of the modem German modifications of Sahh’s 
instrument can be recommended as compact, cheap, easy to use 
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and sijfficjentlj accunJe for most cJiniciI purposes A recent 
pattem cilled Helliges neo plane co«ts £2 I05 For special 
and more accurate investigations or for large laboratories the 
instrument recently devised by Campbell Smith and Hotidaj 
IS probablv the best available and is now manufactured b_j 
Me'ssrs Tinslej Co The instrument is standardised against 
a solution of haimoglobin of known strength and the con 
centration of hsemoglobin m a measured volume of blood i*! 
estimated bj means of a photo electric device which measures 
the light absorbed in that portion of the spectrum occupied 
by Soret s band The instrument is accurate to within 2 2>cr 



cent and smce no colour matching is rcquu^d personal error 
has been reduced to a mmimura 

The estimation of the number of red cells (1) Strong s 
method (modified) The nece^sar^ apparatus consi'it* of two 
graduated pipettes a mixmg bottle a dilutmg fluid an I a 
hseraoc} tometer Thepipettcsaregrad ntedtoholdoDocmm 
and 5 c ram respectively Tlie 5 c mm tube has two marks 
close together from the upper mark 5 c mm are delivered at 
the low er mark they are contained The muvmg bottle holds 
just over 1 000 c mm and is provided w itli a well fitting 
stopper 

The diluting fluid lias the following composition — 

85 gram sodium chloride » 

80 gram «odium citrate 
Commercial (40 per cent ) formalm 1 c c 
Distilled water to 100 c c 
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The mixture must then be neutralised to methji red The 
formalin is an essential ingredient, since it fixes the drop for 
the uhite coll count on the slide and pre\cnts it being washed 
off 

The method of use is as follows — 

993 c mm of diluting fluid are measured into the mixing 
bottle , 6 c mm of blood are drawn up to the lower mark m 
the small pipette The end of the tube is wiped, placed m the 
bottle, the blood blown out, and the pipette rinsed up and 
doivn w ith the mixture of bloocl and fluid The mixing bottle 
IS corked, shaken to preaent clotting and kept until it is con 
cement to count the cells Before counting the bottle must be 
thoroughly shaken After shaking, place the cov er glass pro 
\ ided in position on the counting chamber and w ith a glass rod 
or a pipette allow a drop of the 
blood dilution to run along the 
centre table under the glass If 
the countmg chamber and cover 
glass are clean the fluid will run 
freely along the platform and there 
w ill bo no air bubbles The amount 
of fluid must be sufficient to fill the 
length of the platform and must 
not oxerflow into the side trenches 
The slide is allow ed to stand for a 
few mmutes while the cells settle 
down, and is then placed on a 
microscope fitted with a No 2 eye piece and a ^ inch objective 
The light IS throw n through the conilenser and the diaphragm 
is shut down in the same manner as xvhen examining the fresh 
b^ood The microscope must be xertical otherwise the red 
cells settle tow ards the low er part of the slide The occasional 
leucocy tes w Inch may be present are readily distuiguished from 
the red cells by their shape colour, and the usual presence of 
rettatAAe ^'iciulsns TVit: -sVids) la v.vA’A 

the central disc is found This area is,mled m small squares, 
every fifth square m either direction having a line drawn 
through the middle of it The area is in this manner marked off 
into 16 large squares, each of which contains 16 small squares 
bounded on every side with small double ruled squares A 
large square occupies a field of the microscope In counting 
the red cells only those in the single ruled squares are con- 
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sidered and as a munmum all the red cells m 4 large squares 
each consisting of 10 small squares are coimted In ca-ies m 
Inch the red cells are much diminished all the IC large «quaits 
should he counted A certain number of the red cells will be 
found to impinge on the lines bounding the squares such celL 
should onh be included when Ijmg on the left hand and 
bottom lines of the squares The arerage number of red cells 
per large square m health is about 1 10 
In order to calculate the number of red cells to the cubic 
niilhmetre it should be remembered that the dimensions of a 
small square are jxjjnj ^ cubic niilhmetre and that the blood 
has been diluted 200 times The number of red eelb to the 
cubic niilhmetre w ill therefore be 4 000 X 200 x the average 
number of red cells per small square If 400 red cells are 
counted m 4 large squares containing 64 small squares the 
number of red cells to the cubic imibmetre ofimdifuted b/ood 
400 

w ould be 4 000 x 200 x -77- or o 000 000 
o4 

(2) The Thoma Zeiss method The apparatus consists of a 
combined pipette and nming chamber a diluting fluid and 
a hsemootometer The diluting fluid emplojed mav be the 
same as that described under Strongs metht^ or a mitture 
ma\ be used uliicli contains a stain for differentiating the 
leucocjtes The staining mixture commonly emploj^ed is that 
of Toison and has the folloanng composition — ^ 


Alethj 1 violet 

0 26 gram 

Neutral gl>cenne 

30 c c 

Distilled water 

80 c c 

Add to this a ‘solution of — 


Sodium chloride 

Igram 

Sodium sulphate 

S grams 

Distilled water 

80 cc 


Filter the mixture 

To make the dilution draw up the blood in the pipette to 
tlie mark 0 5 ipe the end of the pipette Place the pipette 
m a bottle of the diluting flmd and draw up the fluid to the 
mark 101 Rotate the tube vigorousU until blood and fluid 
are thoroughh mixed in the tnilb of the pipette The blood 
m the mixing bulb is now m a dilution of 1 m 200 Blow 
out the flmd m the capillary part of the pipette also a few 
drops of the diluted blood m the bulb and transfer a drop 
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to the platform of the countmg side Proceed as described 
under Strong’s method The disadvantages of this method 
are that it is difficult to bo sure of a thorough mixing of the 
blood and fluid in the bulb, and that the contents of the pipette 
tend to leak out and necessitate the immediate counting of the 
cells In Strong’s method the pipette is more easily manipu 
lated, the mixture is readily transported and can be counted 
at leisure, and the same mixture can be used without further 
apparatus for an enumeration of the leucoc^ tes 
The estimation of the number of white celts (1) Strong's 
method (modified) The apparatus required is the same as 
that for the red cells The same mixture of 5 c mm of blood 
uith 995 c mm of diluting fluid m a mixmg bottle is employed 
After thoroughly shaking the bottle draw up the mixture of 
blood and dilutmg fluid to the upper of the tw o marks on the 
6 c mm pipette Wipe the end of the pipette Place a clean 
shde on the bench and hold the pipette v ertically to the slide 
with the end of the pipette just resting on the centre of the 
slide Blon out the fluid m the form of a drop, hftmg the 
pipette and ceasing to blow just as the last portion of the 
fluid falls out Allow the drop to dry Stam w ith Ehrlich’s 
acid hsematoxyhn (see p 265) for 10 minutes, isash m tap 
water for 10 minutes, flood \nth spirit, and dry over the flame 
Do not blot drj \Vhen dry mount m cedar wood oil with a 
cover slip (Instead of hcematoxylm Leishman’s stam, or any 
simple nuclear stam, such as carbol tbiomn may be used ) 
Place in the eye piece of the microscope a flat rcomd metal 
disc with a central square aperture J of an inch square, or, 
failmg this, make a square hole in a piece of visitmg card cut 
to the size of the eye piece All that is required is to obtain 
a square field for coimtmg the leucocytes m a round drop 
Use the | inch objective Observe that the nuclei of the 
leucocytes are stamed blue and the red cells are practically 
unstained The edge of the drop is clearly defined To 
coxmt the leucocytes find the top segment of the drop and 
moae the drop across the field from one side to the other. 
IVhen the other side is reached mark a red cell on the bottom 
line of the square and move the drop down exactly 1 square 
field Contmue movmg the drop backwards and forwards 
across the field until the entire drop has been covered and all 
the leucocytes have been counted The number of white 
cells counted m a normal case would be about 160 The 
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dilution of the blood is 1 m 200 and o cmin of thi, dilution 
ha^ e been counted The number of leucocvte^ m 1 c mm of 

the undiluted blood would therefore be loO inultipliwl h\ — 

or 6 000 In cases of leuLaimta with an e\ce<vire number of 
white cells the enumeration of the leiicocj-teo m a drop of 
blood diluted 200 times is too hborious and a further dilution 
of the blood is advisable The further dilution mix be made 
with a frights cipiIlatA tube («ee p 174 Fig 20) m the 
following wa^ Alake a mark on the tube and draw up to the 
mark I volume of the 1 m 200 dilution and 0 lolumes of the 
dilntmg fluid The blood is now diluted 1 m 2 000 times Blow- 
out the mixture mto a watch gla« mix thoroughli draw up 
5 c mm of the mixture to the upper mark of the Strong spipette 
and proceed as before The number of leucocades eountwl ml! 
have to be multiplied bv 400 m«tead of ba 40 
(2) The Thoma Zeiss method Tfce apparatus required con 
siists of a special pipette a diluting 6uid and a h'emoc^iomete^ 
The diluting fluid con ists of a 0 o per cent solution of acetic 
acid m di tilled water with sufficient mcth^l green added to 
give the fluid a distinct green colour The diluent dissolves 
the red cells and the metb\l green 'tarns the nuclei of the 
leucocytes The blood is drawn up to the 0 5 mark on the 
pipette and the dilutmg fluid to the 11 mark The pipette u 
raampulated de'cribed under the enumeration of the red 
cell' and the mixture is put up on the h'emoevtometer slide 
in the ‘Him© manner The dilution of the blood is J m 20 
All the leueoevtes m the entire set of 16 large squares are 
counted To calculate the number of leucocyte^ per c mm of 
undiluted blood raultiplv the avenge number of leucocytes per 
'mall 'quire (i e the total number oficucocytescoimtedm the 

16 lai^e squires divided by 2o6) by 20 tunes 4 000 The 
average number of leueoevtes coiuited m the entuo «et of 
squares is onij about 20 and the pos. ible error is considerable 
The advantage of this method is that it is more rapid than 
Strong s method 

The H 2 emoc>tometer referred to above is that of Thoma as 
made bv Zeiss or Hawkdex and gives the nihng usuallv 
employed m the enumeration of red cell Numerous other 
rulmgs are available and the mixt useful for general purpa«e 
l«tbatof^eubauer{FIg o) The central heavilj ruled square 
1 the equivalent of the Thoma ruling, and la used for counting 
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the red cells either bj the Strong or the Thoma method The 
single ruled squares at the comers are each 0 I mm deep and 
1 0 mm square and can be used for counting the cells of a 
spmal fluid or the hite cells of the blood and for these purposes 
the ruling is more suitable than the Thoma For leucocyte 
counts the blood is tal en into the Thoma diluting pipette as 
described abo\e and the white cells m all the 4 large single ruled 
corner squares are counted Each comer square has a capacitj 
of c mm so that w ith a dilution of blood of I m 20 the 
calculation is — 

20 X 10 

Number of cells counted X ^ or 50 

A hamocjtometer is supplied with a double platform each 
u ith a Neubauer ruling The red cell dilution can be put up on 
one platform and the white cells on the other so that both 
enumeratioTvs can be made conoecutuely 
on the same apparatus 
To clean pipettes All blood pipettes 
should be cleaned immediately after 
use It is sufficient first to suck water 
up and down the pipettes then alcohol 
and then ether If particles of blood 
or dust ha\o lodged m the pipette 
these should first be removed with a 
thread of fine silver uir© If the blood 
has been allowed to clot m the tube 
immerse the tube in 33 per cent acetic acid removing the 
blood with a fine w ire at intervals it maj take a few daj s to 
remove a firm clot but the process may be considerably 
hastened bj using glacial instead of 33 per cent acetic acid 
If the fine end of a pipette is chipped or notched the pipette 
is broken and should be discarded 

The stained blood Tlie materials required are clean slides 
or coier slips and a blood staui 

If cover -glasses are used for making the blood films it is 
essential that they should be clean and absolutely free from 
giease The best quality of square cover glasses should be 
obtained and boiled in a wide evaporatmg dish or a sand bath 
for two hours in the following solution — 

Sulphuric acid GO c c 

Potassium bichromate 60 grams 

Distilled w ater I 000 c c 
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Frcsli solution should be added from time to tme as 
e\ai)oration occurs, and the glasses should be occasionallv 
stirred w ith a glass rod The glas-^es should then he transferred 
to distUIed ^^ate^ and washed m it thoroughly ^nth se^e^aI 
changes They should then be placed m absolute alcohol, and 
tvhen reqiured for use picked out with clean forceps and flamed 

Slides should also be of good quality , and can be cleaned m 
the same manner as the eo\er glasses It is quite 'suiScient 
however, to rub them with very fine emery paper (the best 
emery’ paper for the purpose bears the trade" symbol “Hubert 
0000 ”) and then to place them in absolute alcohol Wien 
they are required for use wipe them dry with a clean cloth 
and then w arm them m the Bunsen flame to drive off tlie la«t 
trace of moisture 

Numerous blood stains are available, but the student is 
adv ised to select one method and to confine himself to that 
for all ordinary w ork Widely used stains are tho-e of Jenner 
and Leisliman m this country, and Wright's stain m America 
All are excellent and of the three we prefer Leishmin's stain 

Leishman's stain can be bought in tabloid form or m solution 
ready for u«ie but it is advisable to buy the stam and the 
alcohol separately, and to make up m the following manner 
To 0 2 grams of the stam m a well stoppered bottle add 
100 c c of pure raethy 1 alcohol Shake n ell and stand for one 
week (preferably m the incubator at 37® C ), shiking night and 
mommg The stain goes mto complete solution, and, kept m 
a dark cupboard, it improves with time and will keep 
indefinitely m ordmary clunates It is es'cntial that all 
bottles and measurmg glasses used m the preparation of the 
solution should be chemically clean The stam is best obtainetl 
from Grublcr, but if this source is not available a good qu^hty 
stam can be procured from G Gurr, 13G, New King’s Road, 
Fulham S W 0 

To make the blood films either slides or cover glasNCs can be 
used the latter give excellent results in skilled hands , elides 
gn e equally good results, and ate to be recommended to those 
w ho are not m constant practice, smee a bad film on a slide may 
be good in patches , a bad film on a cover-glass is useless 
To make a film on a slide place one end of the ehde against 
the drop of blood takmg care not to touch the skm of the ejm 
Place the slide flat on a smooth firm surface, such as a jiohsbed 
table 'ind hold it m position with the thumb and fir^t finger 
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of the left hand With the right hand place the end of a 
second slide in the drop of blood and hold it there until the 
blood has run across the breadth of the slide Draiv the 
second slide slow I> across the entire length of the first mam 
taimng an angle of about 46 degrees between the two slides 
There should be no pressure whatever between the surfaces 
of the slides and to ensure this the ‘second slide should bo 
held in the thumb and first finger of the right band at about 
the level of their distal joints the tips of the fingers being 
supported by the table Tlie more slowly the film is made 
the thiimer the resultmg film The even spreadmg of the 
film IS assisted by previously wamung the slide in the flame 
of a spirit lamp As soon as the film is spre id the slide should 



be wav ed rigorously in the air to ensure the immediate drying 
of the film thus avoiding undue shrinkage of the cells 

No time must be wasted between the eiudmg of the blood 
drop and the completion of the film smee it is essential that no 
clotting should take place 

To make films on cover glasses hold two glasses one in 
each hand by their corners Place the centre of one glass 
against the drop of blood Apply the centre of the second 
glass to the drop on the fiist Hold the two glasses together 
until the blood has spread across the glass Rapidly separate 
the two glasses The thumess of the resultmg film depends 
upon ttie Bize xA the i!at/p tsS tAoed xm tVre iwyadity ttnd 
evenness with which the glasses are separated If the glasses 
stick at all the separation has been unduly delay ed and the films 
are useless 

To stain the film (I) With Lcishman's stain 

Cover the film well all over with the stam and leave for 
30 seconds 

Add about twice the volume of dtalilled water to the stam 
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Jlii stain md iiater with a glass pipette until an iridescent 
scum forms over the ‘surface and leaa e for 7 rumutes 

Pour off the stain and cover the film uith distiUed water 
onlj for 2 minutes 

Pash off the wnfer uith fre^h distilled water wipe clean 
the back of the slide and gently blot the film drv with clean 
blotting paper 

To presera e the film mount when drj in Canada balsam mfli 
a thin coiergla«s 

The film is fixed by the metha 1 alcohol in the first stage it 
IS stained during the 7 mimites of the second stage and the 
colours are differentiated b 3 the distilled water m the third 
stage 

It 13 essential that the pipettes and beakers used should be 
first wa<’hed out with distilled water and that the water used 
should be dtsliUed The water must be neutral to luethjlred 

(2) With Jenner’5 stam 

Coaer the film with the stam and place a watch gh^s or 
inverted dish over the film to prevent evaporation 

Stain for 4 minutes 

Wash m distilled watei until the film becomes a delicate 
pink tmt 
Blot dr 3 

The differential count should be made with a ^ inch objective 
and preferabl) w ith the help of » raechamcal stage Daj light 
should bo used w hen available Choo«e the thinnest and mo'st 
even part of the film and count as a minimum number 200 
leucocj tes tabulatmg on a piece of paper each leucoc^ te under 
its proper heading 


OTHER BLOOD EXAMINATIONS 
The coagulation time A eimple method of eaUnmtwg the 
coagulation time of tho blooil is the lead pellet method Cut a 
piece of c'lpillary gla'ss tubing into lengths of about 1 mch Tlie 
bore of the tubing should allow the free passage up and down 
It of a small lead pellet After puttmg the pellet m the length 
of tiibmg round off both ends of the latter in a gas flame 
sufficientlj to prevent the exit of the pellet without occluding 
the lumen Put a dab of plasticine on the points of a pair of 
eatehforceps Halffilla beakerwith waterat 37° C andstond 
It on a white background 4ppla one end of the tube to a 
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drop of blood hich should flow into and completely fill the 
tube Hold the tube with the forceps so that the plasticine 
retains the blood and jilaco it in the beaker of water More 
the tube slowly up and down watching the passage of the 
pellet until it comes to a stop The coagulation time is the 
interval between the filling of the tube and the arrest of the 
pellet and the normal range is from IJ to 2 minutes By 
\\ nght s method a senes of capillary tubes each holding 
6 c mm of blood are filled and after stretching elastic bands 
over them to prevent the blood diffusing out ate placed in a 
water bath at 37° C The blood is clotted when it can no longer 
be evpelled from the tube by blowing down it The normal 
time by tins method is 3J minutes 
The bleeding time may be gauged by pricking the lobe of the 
ear and blotting off the drop of blooil every 30 seconds until 
no more blood exudes from tho puncture A fresh portion of 
the blotting paper is used for each successive blot and m this 
way a pictorial record of the bleeding tirao consisting of a 
senes of blots is obtained The average bleedmg time m a 
normal individual is 2 to 0 minutes 

The fragility of the red cells For the examination of the 
action of various strengths of salt solutions on the red cells no 
special apparatus is required The necessary materials consist 
of 2 burettes 10 large test tubes sodium chloride distilled 
water a IVright s capillary tube provided with a mbber teat 
(p 174 Fig 20) and a number ofsmall test tubes 

The procedure is as follows Make up exactly a I per cent 
solution of sodium chloride in d^tilled w ater Fill one burette 
with the salt solution the other with distilled water Runinto 
the first large test tube 0 7 c o of water and 0 3 c c of salt 
solution (=0 3 per cent salt) into the next tube 0 65 c c of 
water and 0 35 c c of salt (= 0 35 per cent of salt) and so on 
A senes of solutions from 0 3 per cent saline up to 0 76 per 
cent IS thus obtained Deliver an equal volume of each 
solution into a double senes of the small tubes Stand the tw o 
senes of tubes m order in a rack Make a mark about 2 inches 
from the end of the right s pipette Obtain blood from the 
patient s thumb m the same w^y as for the estimation of the 
coagulation time Blow out a volume of blood into each tube 
m the senes Repeat the process with the blood of a normal 
person m tho second senes of tubes Shake each tube and 
stand the rack m the incubator at 37° C for 30 minutes If no 
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incubator is available the tubes may be stood m varm water 
or even left at room temperature In those tubes m which 
nnj hffimoljsis occurs the supernatant fluid is tmged red and 
there is a corresponding deposit of red cells IVherehieraohsis 
IS absent the silt solution remams colourless and the red ceJii 
form a deposit at the bottom of the tube A sharper rending 
IS obtained if the tubes are centrifuged or allowed to stand 
overnight at room temperature 
Size of red cells The mean diameter of red cells can he 
estimated from dried films, which for comparative purpo«es 
should always be fired tand stamed bj the same method By 
means of a projection apparatus, adjusted for magnification 
of 1,000 diametera, the image of the microscope field is projected 
on to a sheet of paper l^ing on the bench The red cells are 
outlined m pencil and the maximum and minimum diameter 
of each is measured inth a mdhmetre scale The mean of 
the«e two measurements is taken as the diameter of the cells 
and the mean diameter of 500 cells is considered to represent 
the mean diameter of the red cells for the specimen of blood 
Reticulocytes are stained m the following wa> ■ — 

With a Wright a pipette take up 

1 vol of 2 per cent citratt^ saline 
1 vol of I per cent cresjl blue 
1 vol of blood 

Mix on a sbde, draw up again into pipette and seal After 
J 5 to 20 minutes at room f empemturo, blow out a small drop on 
the centre of a slide mount with a cover glass and ring with 
vaseline Count under an oil immersion lens, 500 con<!ecutive 
red cells and enumerate separately as reticulocytes all red cells 
containing definite blue filaments The number should not 
exceed ^ to 1 per cent AKematnely, the vitally stained blood 
can be drawn out on a sbde as an oidmary blood fihn, dned in 
the air and then stained by Leishman’a method 

Blood platelet estimation Place a drop of 2 per cent 
sodium citrate in normal salme on the skm and prick (trough 
the drop Transfer a drop of mixed blood and solution to the 
centre of a slide mount with a cover glass and ring with 
aa«elme The mixture of blood and citrited salt should be 
made with the latter m considerable excess because if the red 
cells are too crowded the platelets cannot be counted Under 
an oil immersion lens with artificial light and the diaphragm 
shut down make certaui of the identification of the platelets 
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Then count 1 000 red cells and the platelets lymg among them 
The normal ratio is about 1 platelet to 20 red cells Count the 
total red cells bj the normal method and from the platelet 
ratio estimate the total platelets per c mm The normal 
number is from 200 000 to 400 000 

Stippling of red cells can be demonstrated by the follo\\ing 
methjlene blue stain Methjlene blue 1 6 gr 1 per cent 
potassium alum sulphate m SO per cent methyl alcohol 
0 5 c cm 1 per cent caustic soda m methj 1 alcohol 0 2 c cm 
methjl alcohol 100 c cm 

Siam the film for 4 seconds wash rapidly in 0 025 per cent 
NaHCOg m distilled -n ater Wash in distilled water and blot 
dry 

The hsemafocrit The form of bsematocrit designed for use 
m these laboratories is supplied by Messrs Baird and Tatlock 
and consists essentially of a fine glass capillarj tube graduated 
in hundredths The blood is drawn into the capillarj tube 
which IS itself fitted into a brass outer tube havmg a screw cap 
with a tight rubber washer at each end and the whole is spun 
m a contnfuge for a fixed length of time The relative volumes 
of plasma and cells can then be read ofi 

Technique The blood is obtamed by venepuncture and is 
immediately put into a small clean dry test tube containing a 
fen particles of heparm and is shaken to prevent coagulation 
Heparm has the advantage over oxalates that it docs not cause 
shrmkago of the cells but has the disadvantage of being much 
more expensive if oxalates are used to prevent coagulation 
an allowance must be made for the shrinkage m cell volume 
due to their action By means of a rubber tube the blood is 
dra^vn up into the capillary tube so as to fill it exactly the 
ends being wiped gently if there is anj excess The end of the 
tube towards which the centrifugal force is going to be directed 
IS first wiped nith aaseline as an extra precaution to secure a 
non leaking junction the tube is inserted into the brass outer 
tube and the screw caps with their rubber washers are firmly 
screw ed down It is preferable to prepare tw o similar tubes of 
the Hood and spin them against each other thus facilitating 
balancmg and obtaming some measure of control in the readings 
The tubes are balanced and placed in the centrifuge and spun 
for twenty rnmutes at two thousand revolutions a minute 
At the end of this time the cells and plasma will have separated 
and their relative volumes can be read of If the red cells are 
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also counted the Volume Index, gmng the mem volume of tiie 
red cells, can be calculated by dividing the percentage of the 
normal hsematocrit reading by the percentage of the normal 
red count 

E g , H-ematoent reading — 30 

Red cell count = 4 000,000 


That IS. the red cells are ^ of the normal size 

The sedimentation rate is described in a subsequent chapter 


(pp 64 and 87) 



CHAPTER IV 

THE CHEMICAL COMPOSITION OF THE BLOOD 

There is much more hope of detecting disturbinces > 
metabolism bj estimations of blood constituents than of thoi 
of urme, for the composition of the blood is normallj maintame 
constant within fairlj narrow limits, while that of the urir 
vanes, of necessitj w ith the en\ ironment and diet of the patien 

Methods for measuring blootl constituents have been devi 
loped ^erJ rapidly during the last twenty years, and since th 
first edition of this book appeared estimations of the greatei 
value for clinical purposes have come into general use 

Plasma proteins 

1 Fibnnopen 1 Globulin | Albumin 


CiMim per 100 c c of 


Normal 

0 25 to 0 45 

1 8 to 2 5 

1 

! 4 0 to 5 3 

Pregnancy 

0 50 

■■ 

1 

Pathological ' 




Infections 

05 ! 

3 0 

4 0 

Liver di«earo 1 

0 15 to 0 50 

— 


Nephritis (with 




oadema) 

060 

, 20 

1 8 


The changes found in infections also follow the introductioi 
of foreign proteins and, to a less degree, the absorption o 
exudates follm\ing aseptic operations 

Fibrinogen appears to be formed by the liver , high figure; 
may result from stimulation of its formation, low figures fron 
the reverse 

The reduction of albumm m nephritis is probably due to losi 


ClDIICAt FiTHOlOOr 
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of albumin m the urme , some degree of reduction is common 
m all tj-pes of nephritis , ■nhcn the total protein falls helon 
5 0 per cent , or of albumin below 2 5 per cent , general cedema 
usually appears 


Sugar 
Kormal . 

After meals 
Pathological 
Mild diabetes . 
Se\ere diabetes 
HvTioglj cmmia 
after msulm 


0 09 to 0 12 gram 
0 12 to 0 15 „ 

0 15 to 0 30 „ 
up to 0 80 ,, 

down to 0 03 „ 


100 cc of blood 


There is little doubt that the so called sugar m blood mchides 
other substances that act as reducing agents , these, hoirei er, 
seem fairlj constant, so that \anations m the estimated 
concentration raaj be considered to measure ranations of 
glucose Some workers maintain that m the Tes<<el3 glucose 
13 mainly present m the plasma, but there is no doubt that 
after blood has been drawn and an anticoagulant added the 
glucose concentration is about the same m corpuscles and 
plasma 

The values found in diabetes varj greatlj with diet and 
treatment , the figures given are merely an indev of what mar 
be found on a normal diet without insulin 
The blood sugar falls after the injection of insulin, reaching 
a minimum in about three bours Symptoms of hj'poglj cicmia 
occur at different levels of blood sugar in different patients, but 
may be expected when the blood sugar falls below 0 00 percent 
Large do<jes of msulm repeated at short intervals maj hare 
a cumulative action, and the blood sugar continues to fall for 
man 3 hours after the last dose has been given 

A temporary mcrease of blood glucose maj be produced by 
uiieciion of hj" eseAe/Beat or rrnotion, sad hy 

anfesthetics these effects are probably the result of failure of 
storage of glucose or mobilisation of glucose already stored 
In normal persons glucose does not appear m the urine in 
appreciable amounts until the blood sugar rises above about 
0 17percent , this level is called the renal threshold Itisnot 
absolutely constant even in the same person and maj bo much 
lower than 0 17 per cent in persons who are in good health. 
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60 that glucose may appear m the urine although the blood 
sugar IS normal (renal glj cosuria) , the diagnosis of this condi 
tion IS discussed in Chapter XX 

Acetone bodies 

Normal 0 000 to 0 006 gram | Reckoned as hy- 

Star\ ation up to 0 04 droxybutync acid 

Diabetic ketosis up to 0 15 ) per 100 c c 

Retention of acetone bodies (acetone aceto acetic acid and 
^ hj drox j butj ric acid) in the blood iisiiallj occurs when the 
amount in the twentj four hours urine (p 327) rises to about 
10 grams but there is considerable variation dependmg on the 
efficienc} of the kulnejs This retention is of greater clinical 
importance than the amount excreted 

Tlie acids aceto acetic and ^ hjdroxybutjTic.u hen retained, 
cause a reduction of the plasma bicarbonate, if alkalies are not 
gnen but the bicarbonate reduction is not necessanlj propor- 
tional to the amount of acetone bodies retained as other acids 
may bo formed and retained m diabetic coma and reduction 
of plasma chlorides may to some extent, compensate for 
retention of acetone bodies 

The symptoms of diabetic coma are due, not to the reduction 
of plasma bicarbonate (acidosis), but to the actual acetone 
bodies particularly aceto acetic acid , the salts of this acid are 
as toxic as the acid itself 

Cholesterol 

Normal 0 160 to 0 200 gram per 100 c c ofblood 

Diabetes melhtus up to 1 5 „ , „ ,, 

Nephrosis up to 0 9 „ , „ „ 

Anajima donntoOOS „ „ „ ,, 

Obstructive 

Jaundice up to 0 7 „ ,, ,, ,, 

Idiopathic up to 04 „ , „ „ 

The cholesterol concentration is approximately the same 
m plasma and red blood corpuscles Elevations of the con 
centration, less strikmg than those tabulated, maj be found in 
pregnancy, after feeding with fats, and in starvation 

In diabetes melhtus very high figures are only found m the 
more severe cases, and may be much reduced by treatment 
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In nephnfjs the blood cbojesteio] is higher the more cases 
approach the tj-pe called nejihrosis with cedema and little or 
no impairment of nitrogen e\cretion while as cases approach 
the chrome mtentitial trpis with no ffidema and impaired 
excretion of nitrogen normal figures are found 

It ha's been nnuitained particularly m France that the high 
blood cholesterol is found in patients with gall «tones but 
more tru tworthv workers have failed to find figures appreciabh 
above normal except in ca«=ea with ob.-tnictiye jaundice 
High blood cholesterol la sometimes found m patients « ith 
no apparent cau>e (idiopathic h\'perchoIe<tennxmia} Sub 
cutaneous nodules containing cholesterol ma\ occur ui such 
patients and m diabetics with high blood cholesterol 
An increase of the total fat and Jealhin of blood above their 
normal figures (0 50 and 0 30 gram per 100 c c respectiveU ) 
IS u«uall\ found a'=sociated with high blood cholesterol this 
increase of fattv substances may give the pla’^ma a ImIk^ 
appearance (UpTmia) and m extreme case* a cream hke lajer 
mai form on the top of the pla«ma on standing 

Urea 
^torroal 
Pathological 
Retention 

Cliromc nephntia ^fodetate 
Tennuial 

Heart failure 
Increased production 

Infections (pneumonia) up to 0 07 

Intcatmal obstruction — acute up to 0 

Lrea is the member of thft nitrogen inetabo]itc& for uhich 
have the most «atL.factorv methods of estimation and the 
greatest knowledge of its vanations m disea«e Its concentra 
tion 13 slightU higher m the plasma than in the corpuscles 
Tlie high \ allies found in infections md acute intestinal 
obstruction are probabh due to toxic protein breakdown 
As urea is "lovlv formed and rapidly excrete<l ^anat^olus in 
the protem intake have little effect on the Wood urea m norm'll 
persons but ma\ produce great changes in nephritis The 


0 Oo to 0 OS 
up to 0 6 
up to 0 07 


Per 100 c c of blood 

0 020 to 0 OoO gram 
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significance of the blood urea m nephritis is further discussed 
m Chapter XVIII 


Uric acid 
Normal 
Pathological 

Increased formation Leukscmia 


Per 100 c c of blood 

0 002 to 0 005 gram 

0 005 to 0 027 
0 004 to 0 016 „ 

to 0 008 , 


Unc acid is estimated in the blood by colonmetnc methods , 
it IS uncertain hoir much of the colour developed is due to uric 
acid alone The figures given are those found by Folm’s (1922) 
method and are higher than those given bj his original (1913) 
method Variations of the diet qtute apart from the purin 
intake cause considerable \anationa of the uric acid m the 
blood 

Uric acid estimations in the blood are valuable maml> in the 
diagnosis of gout, m tins connection the high values found 
in other conditions particularly in nephritis must not be 
forgotten 


Creatimn 

Normal 0 001 to 0 002 gram per 100 c c of blood 
Nephritis 0 005 to 0 027 , ,, 

The objections to the methods of estimating unc acid in blood 
apply with still greater force to those for creatmin Myers 
claims that ‘ blood creatimn ” is of great value in prognosis 
m kidney diseases (see Chapter XVIII ) 

Creatin The amounts found m blood and variations uith 
disease are similar to those found for creatimn 


Non-protein nitrogen 

Normal 0 025 to 0 030 gram per 100 c c of blood 

Nephritis up to 0 350 ,, , ,, 

All the nitrogen containing substances which are not 
precipitated bv protein precipitaiits, such as tungstic acid and 
trichloracetic acid, are grouped together under the head non 
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protein nitrogen Urea 13 the mim constituent of this group 
and variations of non protein nitrogen run closel) parallel to 
those of urea 

The non protein nitrogen unaccounted for by the consti 
tuents irhich can be estimated is called rest nitrogen 
naturally the errors m its estimation are large being the sum of 
the errore in the separate estimations it is therefore imsafe to 
draw conclusions from the amount of rest nitrogen found 
Ammo acids Blood contains about 0 00" per cent of 
amino acid nitrogen No significant changes have been found 
in anj disease except necrosis of the li\cr 

Ammonia The amount of ammonia in blood is ver> 
small — ^under 0 0001 per cent Metl ods of estimation are 
uncertain no unquestionable increase has been found in any 
disease and certainU not in nephritis with urea retention 
Reaction of blood The hvdrogen ion concentration {C^) 
of a fluid IS the number of grams of hj drogen ion present per 
litre In solutions of strong acids the hydrogen of the acid is 
almost entirely free as hydrogen ion uhile in solutions of 
weak acids most of the hydrogen is combined Watea* nhich 
may be thought of as a very weak acid breaks up slightly mto 
hydrogen ion and hydroxyl ion so that at 37“ C the Cg of 

water is g ^ reaction of body fluids lies near this 

The figures forCB miolvedm dealing vith bod^ reactions are 
therefore very cumbrous and the logarithmic notation of 
Sorensen is adopted almost universally the negative logarithm 
of Ch 18 called pH 


•>0 000 000 


pH 


- 


In acid fluids the Cg is above that of pure water (md the pH 
below) and ttcc tersa m alkaline flu ds with increasing acidity 
the Cb rises and pH falls 

It follows from the law of moss action that if the weak acid 
HjCOs and its salts the bicarbonates are present in a solution 


Cb = H 


conce ntration of HaCOa 
concentration of bicarbonate 


where K is a constant 
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The denominator and numerator of this fraction can vary 
independently and raaj therefore be considered separately 

Bicarbonate 

Blood Floama 

Normal 43 to 58 * 65 to 70 cc COgperlOOcc. 

Slight acidosis — 45 to 55 ,, „ ,, 

Moderate „ — . 30 to 45 , „ „ 

Severe — under 30 , „ „ 

Moderate alkalosis — 70 to 00 , „ „ 

Severe , — 90 to 120,, ,, „ 

As plasma is more convenient than whole blood for the 
estimation of bicarbonate, the plasma bicarbonate alone will 
be discussed It is customarj, owing to the ongmal method 
u'ted m its estimation, to express this as the number of cubic 
centimetres of CO* which are present m 100 c c of the plasma 
combined as bicarbonate 

The term will bo used m this book to mean a dimi 

nutiou of plasma bicarbonate due to accumulation of acids 
(other than COj) or to diminution of base m the plasma , 
alkalosis to mean an mcrease of bicarbonate due to loss of acid 
from or increase of base m the plasma 

Acidosis maj result fiem (a) excessive formation or ingestion 
of acid , (6) inefficient excretion 

(а) Occurs normally after severe exertion, when acids are 
formed in the muscles and pass mto the blood The chief 
pathological condition in which it occurs is ketosis, particularly 
that of diabetes, but it must not be imagined that acidosis 
invariably occurs m ketosis, still less that all forms of acidosis 
are due to ketosis Before the introduction of insulin it vas 
rare for patients with a plasma bicarbonate below 25 to recover 

A milder form of acidosis is seen after the admimstration of 
anfcsthetics, particularly chloroform Acidosis produced by 
the mgestion of ammomum chloride or calcium chloride may 
be used as a therapeutic measure 

(б) Tills form of acidosis, which occurs m patients with 
severely damaged kidneys, is the commonest found m hospital 
practice , more than half the patients whose blood urea is 
over 0 1 per cent have a plasma bicarbonate below 35 The 
acids retained m these cases ate phosphoric, sulphuric, and other 
acids of undetermined nature 
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An acidosis from loss of base has been described in infants 
Mitb severe diarrhcea 

When the of tbe plasma is kept constant, the ratio 

fj-tiC-Oj 

remains constant When there is no interference with the gas 
exchange between the Wood and the lungs, the HgCOs in the 
blood IS proportional to the alveolar COj tension, so th'it the 
^ alveolar COa tension 

BHCb'a in plasm^ ^ constant , in other w ords, changes 
in the plasma bicarbonate are accompanied bj proportional 
changes m the ah eolar COa tension But it must be remem 
bered that this onlj holds if the two condition®, constancj of 
plasma Cg and free mterchange m the lungs, are fulfilled 
^Mien the plasma bicarbonate is reduced b) acidosis, the 
urine is acid If alkalies are given the urme begins to change 
towards the alkaline side when the plasms hicirbonate comes 
back to normal , this serves as the basis of an indirect wa> of 
measuring the plasma bicarbonate 
Tlie opposite condition aHa/<ww, may result from inge*tion 
of alkalies or from lo«s of acids The tet fonn maj occur m 
the Sippj treatment of gistne ulcer, in the treatment of 
ketosis w-ith alkabes, and m nephritis irom moderate dosing 
with alkalies 

The second form occurs particularly in acute high mteotmal 
obstruction and in other eondifiODS m which profuse vomiting 
occurs it IS associated with a great reduction of the plasma 
chloride 

Alkalosis IS much more dangerous than acidosis as the 
respirator! centre is depressed, Jung ventilation and otygen 
intake is reduced while, if the pH is raided, the hscmoglobin 
oxygen compound is rendered more stable so that the transfer 
of ox> gen from blood to tissues is checked hen alkalies are 
used m the treatment ofXetosi® their admuustntion should be 
stopped when the urine is no longer acid to methyl red 

How e\ er w lien the kidney® are damaged the reaction of the 
urine is not a safe guide 

Changes m the COj tension of the Wood c^u^e the migration 
of chloride ions m and out of the red corpuscles , these 
migrations produce changes m the plasma bicarbonate, but 
such changes are small compared with those we Jiavo been 
discussmg , , 

Tlie carbonic acid concentration of the pla=ma is rai«ea oj 
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the excessive formation of CO* m violent exercise It also 
xaries with anj interference with the respiratory exchange, 
heart and lung disea'^es may cause .a shght increase, breathing 
air containing an excessive amount of CO, causes an increase, 
\^hile hjperpncea whether voluntary or involuntary, washes 
out CO 2 from the body and causes a decrease, unless excessive 
formation is occurring at the same time 

Hydrogen ion concentration 

Normal pH 7 3 to 7 5 

Pathological pH down to 6 9 

up to 7 8 

The Cg of the plasma being proportional to the ratio of 
carbonic acid to bicarbonate, may change with changes of 
either However changes of the bicarbonate are to some 
extent compensated by changes m the respiratory exchange, so 
that the Cg is kept fairly constant , for example, when the 
bicarbonate is reduced a certain amount of hyperpncea usually' 
occurs and the carbonic acid concentration of the plasma is 
reduced ^Mien this compensatory process is sufficient to 
keep the Cg within normal limits, the process is called a 
* compensated acidosis,” w hen insufficient we get an " uncom- 
pensated acidosis Similarly, w© may get a compensated or 
uncompensated alkalosis 

Compensation is often inadequate in the acidosis of nephntis, 
so that the pH may fall below 7 0 , in the acidosis of diabetic 
ketosis comjienFation is much more successful a result of the 
great hy perpneea so often seen in this condition 

Although interference with the COj output may cause a rise 
of Cg m heart and lung diseases, it is more usual for hy perpneea 
to occur of a degree sufficient to prevent accumulation of CO 2 
in the blood or even to reduce it below normal and give a shght 
reduction of Cg 

A reduction of Cg, due to hyperpncea, may be found in 
hysteria and particularly m hyperpiesia , the distressmg 
hyperpncea seen in hyperpiesia is not due to acidosis 

It must he remembered that reduction of blood Cg alone 
often gives nse to ketosis, which illustrates the absurdity of 
calhng ketosis acidosis 

Chlorides Chloride concentrations are usually expressed in 
terras of sodium chloride , this is irrational, as the Cl in solution 
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IS m the form of free ion. not bound up with an% particular 
Nation, but is «o cn«tomaiy that it will be contmoed here 
Since the concentration m the red Wood coipuscJe^ is onli 
about half that in the plasma, great variations m the concen 
tntion in whole blood can be brought about by a change m the 
number of corpuscles without any other pathologicarchange 
For this reason it is adviaable to work with pla«ma alone 



Reckoned \aCL 
Grauisper 100 <xc- 


Red 

Blood Cor 
pueclos 

Plums 

Normal 

0 31 

1 0 67 to 0 65 

Acute intestinal Obstruction 

— 

0 40 

Pneumonia 

— 

0 53 

Nephritis 

J 

— 

0 40 to 0 GO 


The ph«ma concentntion vanes little , the most striking 
changes the low figure' found in intestinal obstruction and 
nephntis with great mtrogen retention are prohabh largely 
accounted for bv vomiting Retention of chlorides from 
esco'sxve mtake or dmumshed escretion n. usually accompanied 
bv retention of aater 'sufficient to prevent any great nse of Cl 
in the body fluida 

In nephritis pla*’ma chlorides above 0 G3 per cent (as ^aCl) 
are rare particularly lo ca'ca with cedenja Tlie low figures are 
found onh m ca«es with great nitrogen retention 


Inorgamc phosphates 
Xormal 
Infants 
Rickets 
J^ephntis 


0003 gram per IbOee of blood 
0 0035 
0 00 » „ 

0 020 , 


The concentration of moigame phosphate is approsimatelv 
the same in red blood corpuscles and in plasma 

The figures nonnallr van with the time of \ ear, being hicber 
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in summer, lower in winter Low figures are usually found in 
aeti\e rickets 

In nephritis the inoiganic phosphate concentration runs 
roughlj parallel with the blood urea , its value m relation to 
prognosis is discussed m Chapter XVIII 
Blood also contains organic esters of phosphoric acid, which 
are almost wholly confined to the corpuscles , though of great 
physiological interest, they have not yet been sufficiently 
studied m disease to be of elimcal importance 
Total base and sodium The total base of the plasma lies 
between 0 130 and 0 160 gram equivalents per litre and is very 
constant , this base consists principally of sodium (about 0 33 
gram per 100 o c ) 

Potassium also vanes little from its normal figure (0 020 
gram per 100 o c ) , in nephritis an increase up to 0 030 has 
been described 

Calcium 

Normal . 0 010 to 0 012 gram per 100 c o 

of plasma 

Nephntia with low pro* 

terns 0 007 „ „ 

Nephritis with phosphate 

retention 0 006 „ „ 

After parathyroidectomy 0 005 „ „ 

Failure of absorption 0 007 ,, ,, 

Bickets 0 007 „ „ 

Osteitis fibrosa . 0 016 „ „ 

The red corpuscles contam much less calcium, than the 
plasma — ^not more than 0 003 gram per 100 c c 

Calcium in the plasma js partly present as ion, partly as an 
un ionised protein compound W^en the total protoms of 
plasma are reduced, as m some cases of nephntis, the un ionised 
fraction alone may be reduced , this reduction appears of little 
significance Reduction of plasma Ca in the other conditions 
affects the ionised fraction as well and appears to be the cause 
of the tetany seen in the three latter conditions 

Low figures m nephritis, unaccounted for by the reduction of 
protein, and therefore affectmg the ionised fraction, occur only 
w hen the morganic phosphate rises above 0 008 per cent , and 
are usually associated with muscular twitchings 
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Increase of plasma calcmm (both fractions) up to 0 018 per 

cent occursaftermjectionofactjveparathjrozdevtracfc Such 

an increase maj he accompanied by severe general disturbances, 
and It IS not advisable to raise the level above 0 015 per cent 
Magnesium Although variations from tlie normal figure, 
0 002 per cent , have been found m various conditions, the=e are 
not constant, and no clinical importance can as vet be attached 
to its estimation 


Plasma phosphatase 


Normal 
Rickets 
Osteomalacia 
Osteitis fibrosa 
Osteitis deformans 
Exophthalmic goitre 


0 10 to 0 21 units 
0 62 to 1 7 „ 

0 31 to 1 8 „ 

1 1 to 2 5 „ 

0 65 to 3 2 „ 

0 27 to 0 75 „ 


An enzjme is found in animal tissues, particuJarij the 
epiphyseal zone and periosteum of bone, mtestinal mucosa and 
kidney, which will hjdroijse esters of phosphonc acid A 
great increase is found in diseases affectmg the bones A sample 
of plasma is said to contain one unit of phospliatase whcJi 1 o c 
of the plasma will liberate 1 rogm of inorganic pliossphate 
(expressed as P) from excess of soduim glycerophosphate 
solution in 48 hours at 38® C and at pH 7 C 


Bilirubin 


Amount 


Normal 

Pernicious aiismia 
Simple obstructive 
jaundice 
Pneumonia 
Cirrhosis of liver 


Fer J OOr e plasma 
0 0 to 0 5 mgm 
0 7 to 7 „ 

Up to 50 „ 

Up to 4 „ 

0 4 to 6 „ 


I'an den B<*rg/i 
Reaction 


Indirect 

Indirect or delay ed 
Direct 

Delay ed or indirect 
Indirect or biphasic 


Bilirubm is formed from the h®moglobui of red blood 
oorpusdcs, both m the hver and m the reticulo-endothclial 
sistem elsewhere The bilirubm so formed circuWes m the 
blood and is excreted bj the Iner Excess of biUrubin m tli 
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blood may result from excessive formation on mg to increased 
breakdown of red corpuscles, or from interference with excre 
tion ouing to damage to the liver or obstruction to the bile 
passages There is some difference in the form m which 
bilirubin circulates m these two conditions , when the excess 
of bihrubm is due to obstruction the bilirubin m the plasma 
^v^ll react at once w ith diazo benzene sulphonic acid (direct 
Van den Bergh reaction) but when the excess results from 
excessue breakdown the reaction is delajed or does not take 
place imless the proteins of the plasma ha\ e been precipitated 
by alcohol* (deHjed or indirect reaction) This difference 
in the state of the bilirubin appears to result from passage 
through the Iner cells and, therefore, with Ii\er damage a 
mixture of the two forms of reaction maj be expected (biphasic 
reaction) 

The presence or absence of excess of bilirubin m the plasma 
laaj be of value m differentiating hccmolyttc from secondarj 
anaimias, w bile the state of the biiirubm m the plasma may 
help in the diagnosis of the cause of obscure cases of jaundice 
Excess of bilirubin can be seen m the plasma or serum before 
jellow pigmentation of the sclecotics is noticeable, still more 
before bile pigments can be detected m the urine 
Bilirubin m serum is often expressed m units One unit is 
equivalent to 0 5 ragra of bilirabm m 1 00 o o The use of these 
units merely leads to confusion 

CHEMICAL CHANGES IN H>EMOGLOBIN 
Carboxyhzemoglobm, the compound formed by carbon 
monoxide and hsemoglobm, is much more stable than that 
formed by oxygen and hiemoglobin , it cannot be reduced by 
the tissues or the reagents commonly used, and a small concen 
tration of carbon monoxide will combine with a large part of the 
of ihe biood An eoaiasxusg P 02 

per cent of carbon monoxide, if breathed for some hours, will 
convert about one fifth of the haemoglobin of the blood to 
carboxyhsemoglobm and produce headache and nausea, 0 04 
per cent will convert nearly one half and produce collapse, 
while 0 1 per cent will convert nearly two thirds and produce 
coma and death The time taken to produce these final 
concentrations is shorter the more active the subject Carboxy- 

* For details under TDstho<l4 
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trapped m burning houses Should death oecur, 
temoglokm is not reduced, as is o-nh-emoglobin, so Ihst the 
hnd% has a pmk tinge and the Wood is bright re r * +„ 

N tnCoXh^emoglobin ,s formed bv the action of ni tntes 

-rot ar rr 
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suggests that it maj be formed during hfe in infections u ith 
nitrifying bacteria when oxygenation of the blood is much 
reduced Nitnc-oxide hsemoglobin closelj resembles carboxy 
hgemoglohin iti spectrum, and other properties 

Methsemoglobmsemia may be produced by certain drugs 
particularly phenacetin and antipynn even when taken m 
medicinal quantities by susceptible patients The same con 
dition may arise among workers in anilme djes and nitro 
glycerin factories from the inhalation of mtrobenzol compounds 
and may follow poisoning by chlorate of potash and by 
pyrogallic acid In the more advanced cases the patients are 
markedly cyano<3ed and the colour of the blood brownish 
when only slight the condition is \ery difficult to detect The 
characteristic absorption spectrum of meth-emoglobm is a 
narrow sharply defined band in the red (betw een C and D) 

Sulphzemoglobin is said to occur in the blood m a condition 
called Sulpl <3emoglobxn<3Sima or EnUrogenous cyanoaxs The 
condition is at least extremely rare one much described case 
examined by one of us had mcth£emoglobm®mia and was 
taking acetanilide 

The condition is supposed to be produced by sulphuretted 
hydrogen absorbed from the intestine which is improbable 
since sulphuretted hy<lrogen kills by its action on the nervous 
system in quantities insufficient to affect the blood The 
spectrum of so called 8uIph»moglobin resembles that of a 
mixture of meth®moglobin and oxyhemoglobin 

Cyanhsemoglobin a red pigment is formed by the action 
of cyanides and hy drocyanicacid on htemoglobm The amount 
required to form this compoimd in the body is greater than 
that required to kill it will therefore not be found during 
the life of a patient nor if death has been due to inhalation 
of hy drocyanic acid as in the latter ease not more than the 
lethal dose can be absorbed When cyanides are swallowed 
they may diffuse from the stomach after death in sufficient 
amount to form the pigment esxMJCially in the dependent parts 

In cyanide poisoning the uptake of oxygen by the tissues is 
arrested and oxy haemoglobin is therefore not reduced Ihi 
is the chief cause of the pink, colour of the bodies of jereons 
killed with cyanides 

Cy anh®moglobm has a spectrum reserabhng that of reduced 
haimoglobin it is not affected by reducing agents m the 
cold 
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* RATE OF SEDIMENTATIOV OF RED CORPUSCLES 

Ad increase of the ratio of fibrinogen and serum globulin to 
serum albumen leads to an increased rate of smking of the red 
blood corpuscles The increase of the ratio mav be due to an 
actual increase of fibrinogen, scrum globulm, or both or to a 
reduction of serum albumen The rate of sinkmg is al o in 
created n hen the number of red corpuscles is reduced U«ing the 
method described in the next chapter the corpuscles m nonnal 
blood sink slowly to about 83 in an hour In 2 )regnancj a great 
increase in the rate is noticeable, as the corpuscles sink to about 
70 m the first 15 minutes and settle completely m about 
45 mmutes In malignant disease and acti% e tuberculosis the 
level smks to about 60 m 15 mmute*, and even more rapid 
sedimentation raa^ occur in acute infections and nephrosis 
Although of no diagnostic value an increased rate of sedimen 
tation maj he regarded as evidence that some ihseise is prc'cnt 
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€ 

THE CHEMICAL EXAMINATION OF THE BLOOD 
METHODS 

It is as a general rule more satisfactory to obtain blood for 
chemical analysis by ^ enepuncture rather than by finger prick 
methods Smce the blood obtained by venepuncture can be 
measured out at leisure and larger amounts can be used much 
greater accuracy can be obtained also several different 
constituents can be estimated m the same sample Some 
consideration also is due to the patient one of the authors 
after considerable experience of both methods of bleeding can 
speak with some heat m favour of venepuncture It is how 
ever advisable to practise finger pncL methods as they are 
useful on occasions when no veins can bo found as m verj 
small children or m very fat persons also when repeated 
samples have to be taken from patients whose veins are not 
easy to find smce venepuncture is often followed by some 
effusion which results m increased pam and difficulty at later 
attempts 

For venepuncture a 10 c c all glass syrmge with a needle 
% (bore 16) are smtable small needles may be used for very 
small veins A short needle (bore 14) with a short piece of 
rubber tubing attached is convenient when large amounts of 
blood are required but it is difficult to avoid spilling a little 
blood The method of obtaining blood by venepuncture is 
described on p 224 

As soon as sufficient blood has been obtained it should be 
squirted mto a tuba contammg potassium oxalate unless 
required for uric acid or calcium estimation It is convenient 
to keep a supply of test tubes prepared by adding to each 
0 25 c c of 5 per cent potassium oxalate solution stoppermg 
With cotton wool and drying m an oven Each of these tubes 
coutams enough potassium oxalate to cheek the clotting of 
lOcc ofblood After the blood has been squirted in the tube 
should bo inverted to mix the oxalate with the blood Citrates 


cinrioii FiTHOLOor 
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should not be used, as thej are rerj poor anticoagulants and 
interfere with several estimitions 
For the finger prick method the patient’s finger or thumb t, 
stabbed as described on p 174 , it is advll^abIe to sprinkle a 
little potassium o\ahte on the skin before pricking ^^hen a 
fair sized drop of blood has appeared, it is allowed to run into a 
horizontally held 0 2 c c japetto, to just aboie the mark , the 
surface of the blood is then brought doivn to the mark lj\ 
tapping on the thumb nail, and the excess of blood is uiped 
from the point of the pipette with a piece of filter paper , the 
blood m the pipette is blown out mto distilled water, and the 
pipette IS washed out by sucking the ai ater up and blowmg out 
twice It IS essential that the pipette should be perfectly 
clean , it should be cleaned after use with sulphuric acid 
bichromate mixture • 

Larger quantities of blood can be obtamed from babiea by 
stabbing the heel with a small tenotomo and letting the blood 
drop mto a small dish containing potassium oxalate Blood 
may also be obtained from the external jugular aem , for this 
purpose a very sharp needle is necessary, os the vem caimot bo 
fixed 

In all estimations made on blood the amounts dealt uith 
are small The greatest cleanliness is therefore essential 
Different sets of pipettes and other apparatus should be kept 
for unne and blood estimations, it is advisable to haxe a 
separate pipette for each reagent, and special flask*!, test tubes, 
etc reserved for each estimation Pipettes used for measuring 
blood should be washed out with distilled water immediately 
after use and at the end of the day washed out x\itL alcohol and 
ether From time to time they should be w ashed wath sulphuric 
acid bichromate mixture Blood and plasma should be dis 
charged slowly from pipettes, otlierwiso an excessive amount 
will elmg to the sides and the correct amount wall not be 
deln ered bmall pipettes imless they have been tested by the 
Jsational Ph\sical Laboratory or one of its foreign eqimalents 
are often grossly inaccurate I ec and 2 cc pipettes should 
bo tested b\ running w ater from them mto a weighed stoppered 
bottle and w eighuig again To test such pipettes with mercury 
IS incorrect even if the mercury is pure, as they are not going 
to be used to measure mercury 
• Di-9«ol\e 100 prams of potassium bichromate in 1 000 c c of wafer snd 

adl cautiously, lOOcc of strong sulphuric aci 1 
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Colorimetric methods When the colour of a solution is 
proportional to the concentration of a substance in the 
solution the concentration can be estimated bj comparing the 
depth of colour of the solution with that of a solution of known 
concentration To do this a colorimeter is necessary this 
consists essentially of an optical arrangement whereby two 
contiguous halves of a field are illuminated by light which has 
passed through kiioun depths of two solutions 

The essentials are shown in Fig 8 The left half of the field 
IS illuminated bj light winch has passed through the column of 
fluid AjAg the right by fluid which has passed through the 



column B1B2 If the solutions in the two cups are coloured by 
the same colour and the columns AjAj and B1B2 are so arranged 
that the two halv es of the field match then 

Depth of colour in fluid on left BjBg^ 

Depth of colour m fluid on right AjAj 
If the solutions contain a substance whose concentration is 
proportional to the depth of colour of the solution then 
Concentration on left BiBg 

Concentration on right AjAj 

Scales are provided for readmg the height of the columns AjAj 
and BjBj It is usual to set the height of A^Aj m the stand^d 
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at some conyement figure and adjust the column B,B. of the 
unknown until a match 13 obtained 
Before use the colonmeter should be tested by filbng both 
cups yith the same solution and matching The readings on 
both sides should be the same If they are not the ilJununation 
maj be unequal, or the scales may not give the heights of the 
columns of fluid correctlj Inequalities of lUummation will 
be found to change by shifting the colorimeter relatnelj to 
the light source , colorimeters are usually fitted mth arrange 
ments for correcting the scales Accurate readings can onlj be 
obtamed when the depths of colour in the two fluids do not 
differ by more than some 40 per cent It is therefore advisable 
to use amoimts of the unknown which may bo evpected to give 
approximately the same depth of colour as the standard 
We have found the Bausch and Lomb pattern very satis 
factory Readings are best made hydajbght When artificial 
light must be used it is advisable to use a large hood m which 
the colorimeter and the workers head con be inserted 1 
illuminate with an artificial light that gnes a uniform field 
and has n greenish coloured screen 
Colorimetric methods are, on the whole, quicker but less 
accurate than gravimetric and titration methods A colon 
meter is expensive, and were it not for the peculiar excellence 
of the Folin Wu blood sugar method and the absence of other 
methods for blood phosphate and some other estimations, wo 
should hesitate to recommend its use A cheap colorimeter, 
that of Mjers consists weroly of two parallel graduated tubes 
which can be vim\ ed against a ground glass plate , the unknown 
IS diluted until it matches the standard This simple form gi\ es 
surpnsinglj good results, but cannot be used for accurate 
work 

Systems of blood analysis ha\e been devised, in which the 
initial steps of the estimatum of all the substances included are 
the same the most conspicuous example is that of Folin Tlie 
advantages of such systems are ob\ious, but unfortunately 
none are suitable for all the substances, the estimation of which 
18 0^ cluueal \alue, we therefore give a senes of methods 
w jthout any attempt at such a system 

Sugar The glucose in blood is destroyed on standing, 
estimation should therefore be started without delay If it is 
necessary to keep the Wood it should bo collected in tubes 
containing 30 mgm of pota‘sram fluoride bc«ides the usual 
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potassium otalate tho fluonde inhibits the breakdown of 
glucose 

The only method of blood sugar estimation which can bo 
recommended to those who are not expert chenusts is that of 
Folin and Wu , to use this method properly however, a 
colorimeter is required Those who wish to use a titration 
method are recommended to study one in a laboratory where 
it IS used or at least to make sure of their techmque by 
practising with blood to which a known amount of sugar has 
been added The methods of Shaffer and Hartmann and of 
Hagedom and Jensen are recommended 

Folin-Wu method 

Rtquirtd 
2 c c pipettes 

20 c c pipette graduated in c c 

50 c 0 wide mouthed bottles with glass stoppers 

Filter papers (IVhatman No 1 9cm diam ) 

Funnels 2 in diam 

Small Fetn dishes to cover the funnels 

I in test tubes 

Boiling water bath 

Folin s blood sugar tubes 

Colorimeter 

10 per cent sodium tungstate solution The sodium 
tungstate should be readily soluble in water 
TSvo thirds normal sulphuric acid 

Alkaline copper solution Dissolve 40 grams of anhydrous 
sodium carbonate m 400 c c of water transfer to litre flask 
Add 7 5 grams tartanc acid when this has dissolved add 
4 5 grams finely powdered crjstalline copper sulphate dissoho 
and make up to 1 litre 

Phosphoraolybdic acid solution In a litre beaker place 
35 grams molybdic acid 5 graois sodium tungstate 200 c c of 
10 per cent sodium hydroxide and 200 c c water Boil 
vigoromly to remove ammonia for about half an hour Cool, 
dilute to 350 c c add 120 c c of phosphoric acid (specific 
gravity 1 76) Dilute to 600 o c 

Stock glucose solutions ilake a saturated solution of benzoic 
acid m a htre of water Dissolve 1 gram of pure glucose 
(Kahlbaum) m saturated benzoio acid solution and make up 
to 100 c c This stock glucose solution willl eep indefinitely 
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Standard I Mea^nre 1 cc of the stock glucose solution 
into a 100 cc flask dilute to 100 c c u itl, saturated benzoic 
acid solution 


Standard ll Alake up m the same wa^ with 2 c c of stock 
solution in 100 c o 


Prxncxph (o) The proteins of the blood are precipitated 
with tungstic acid and filtered off 
(6) An alkaline copper <:oIution la reduced by the reducing 
substance's m the filtrate 

(c) Phosphomolybdic acid added to the cupTous oxide so 
formed gives i strong blue colour 

(rf) The colour is compared in a colorimeter 
with that obtained 63 tumg a standard solution 
of glucose in place of the blood filtrate and 
the amount of glucose in the blood calcubted 
from the relative dept! s of colour 
PTOcedi re (o) "Measure ** c c of blood as 
«oon as possible afler TrithdraTral mto a 5D cc 
bottle A,dd 14 cc of diatiUed water and then 
2 c c of 10 per cent «odjuni tungstate solution 

shaking gentiv after each add 2 c c of ^ ^ 

sulphuric acid shaking gentK durmg the adib 
tion then stopper and shake violenth the 
Flo 9 Blood fluid should not froth Stand fifteen mmute^ 
Sugar Tube flm-mg which time the fluid ''hould go bro rn 
Filter covering the funnel vitfa a Petri thsh the filtrate 
must be clear and colourIe''j> Coloured filtrates usually result 
from ms ifficient acid and nia\ be cleared b\ adding one 
drop of ^ N sulphuric acid care should however be u«e<l 
not to add exce««ne amounts of acid a** this will mterfere 
with the next step Citrates and excc*.ive aiuoimts of 
oxalate^ interfere with this precipitation 

(b) ■\feasiire ’ c c of filtrate mto a blood sugar tube marked 
(\) into two blood sugar tubes marke<l (I) and (If) 
measure ’ 0 c of ^itandards I and II To all three tubes add 
2 c c of alkaline copper solution Place in a boiling water 
bath for six minutes The tubes are so made that tl e surf ice 
of the fimd come» into the narrow neck pre-^nting a small 
surface to the air so that renisidation of the cuprous oxide 



formed is reduced to a mmimum 

(c) Cool the tube in water for one mmuto and add to each 
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2 c c of phospliomolybdic acid solution When bubbles cease 
to appear dilute each to 2o c c Invert several times to mix 
(rf) Pour the fluid from (X) into one cup of the colorimeter 
into the other pour the fluid from (I ) or (II ) whichever appears 
to match (X) more closely Set the standard at 20 mm if a 
match 18 obtamed with the unknown at x the concentration 
of sugar m the blood is 
20 

grams per 100 c c if Standard I was used for comparison 


IfAIyers colorimeter is used when bubbles cease to appear 
m stage (c) pour the fluid m (X) into the left hand tube of the 
colorimeter wash (X) out witli 2 cc of water three times 
adding these washings to the left hand tube mix Then pour 
fluid from tube (I) or (IF) whicheier more nearly matched 
(X) into the right hand tube of the colorimeter and wash m 
as before make this tube up to the mark 15 and mix well 
bj imersion Then add water to the left hand tube mixing 
well after each addition until the tubes match If the level of 
the fluid m the left hand tube is x the sugar m the blood is — 


^x 

150 


II 


This instrument gives results winch agree within 10 per cent 
with those obtained w ith the more dehcate colorimeter It is 
therefore sufficiently accurate to give results of value m the 
diagnosis and treatment of diabetes mellitus 


Micro method 

IVlien smaller quantities of blood are taken the above 
method may be still used 
Required 
0 2 c c pipette 

Two graduated 1 c c pipettes 
Stoppered 6 c c measuring cylmder 
Other apparatus and reagents as above 
Procedure Take 0 c c of blood and run it into about 
2 5cc of distilled water in the measuring cylmder washing the 
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pjpette out by sucking water up and dowTi Add 0 4 c e of 
sotbum tungstate with a graduated 1 cc pipetto, and after 

standing add 04cc ofa^N sulphuric acid Hake loluine 

up to 4 c c with distilJed water Shake well and proceed as 
above The filter papers used should be smaUer and care taken 
to prevent evaporation by covermg the funnel with a watch 
glass The sugar in the blood is — 

40 

IOj- per 100 c c ifStandardI was used for comparison 
80 

ior ” ” ■■ 

Femcyamde mtlhod 

Owing to the deep colour given, Folm's femcjanide method 
IS better when the blood sugar is near the standard, but is 
inconvenient at higher levels owmg to the necessity of correcting 
for the jellow colour of the ferncjanide 
Beqiiired 
0 1 0 0 pipette 
10 c c 

4 c c pipettes 

5 c c graduated pipettes 
10 c c graduated pipette 
20 c c centrifuge tubes 
Boding water bath 
FoLn B blood sugar tubes 

Dilute tungstic acid soJufJon Transfer 10 cc of 10 
per cent solution of sodium tungstate to a volumetric 500 
c c flask dilute to about 400 c c Add with shaking 

10 c c ofgN sulphuric acid and dilute to 600 c c Add a little 

toluol to prev ent the grow th of moulds 
Potassium femcyanide solution Dissolve I gram of potas 
Slum ferricjanide (A B ) m distilled water and dilute to 
500 c c Keep in a brown bottle in the dark 

Sodium cyanide carbonate solution Weigh out about 
2 grams of Merck s sodium cjamde and di'ssolve in distilled 
water to make approximately a 1 percent solution Transfer 
8 grams of sodium carbonate to a 500 c e volumetnc flask and 
dissolve m about 100 c c of distilled water With a cylinder 
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add 160 c c of the cyanide solution Dilute to 500 c c and 
mix 

remc iron solution Fill a litre cylinder to the mark Hang 
m this a gauze bag containmg 20 grams of gum ghatti After 
twentj four hours filter the solution Dissolve 6 grams of ferric 
sulphate Fe 2 (S 04 ) 39 H 20 and 76 c c of 85 per cent phosphoric 
acid m 100 c c of water with heatmg Cool and mix with the 
gum ghatti solution To destroy reducing substances present 
add 1 per cent potassium permanganate, at first 5 c c and 
later 3 c c at a time until the pmk colour remains at least 
five to ten mmutes 

Stock glucose solution Dissolve 2 grams of benzoic acid m 
500 c c of hot distilled water Wash 2 grams of glucose 
(Kahlbaum) with the benzoic acid solution into a litre volu- 
metric flask Add water to about 900 c c , cool, dilute to 
1,000 c c 

Standard glucose solution I Place 0 5 gram benzoic acid 
in a 200 c c volumetric flask add 150 c c of water and I c o 
of the stock glucose solution Alake up to 200 c c and add a 
few drops of toluol 

Standard II As above withScc of stock solution 

The femcjanide must be tested for ferrocyanide as follows 
Transfer 2 c c of a 1 per cent solution to a test tube add 3 o o 
of the ferric iron solution only the faintest blue colour should 
appear 

Pnnctple (a) The proteins are precipitated from the blood 
and are filtered off 

(6) Potassium femcyamde is reduced to ferrocyanide by the 
reducing substances in the filtrate 

(c) A solution of a feme salt is added and forms Prussian 
blue (ferric ferrocyanide) with the ferrocyanide This insoluble 
salt is held in colloidal solution by the gum ghatti 

(d) The depth of colour is compired w ith that pi odneed bj a 
standard of glucose 

Procedure (c) Collect Dice of blood and run mto 10 c c 
of the dilute tungstic acid solution m a 20 c c centnfuge tube 
Wash the pipette out bj suckmg the acid up and dow n and stir 
well with the pipette Cover with a paper cap Centrifuge 

(6) Jleasure 4 c o of the supernatant fluid, which should be 
water clear, into a blood sugar tube marked (X) , into two other 
tubes marked (I ) and (II ) measure 4 c c of standards I and 
II To all these tubes add 1 c e of the potassium ferrocyanide 
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Eolntion ind 1 c c of cjatudo carbomte notation Heat for 
eight minutes m a boiling \vnter bith 

(c) Cool the tubes in water for one imnute mtl run 3 c c of 
ferric iron solution dou-n the side of each tube Sha! e stand 

ve mmutes make up to 2a cc and invert several times 
to mis 

(d) Compare in the colonnoeter w ith the fluid from (I ) or (II ) 
which matches (\ ) most do'^I^ settmg the standard at 
20 mm If the reading of the unknown is over 30 or under 13 
it is best to repeat the estimation using 2 c c of the standard 
or 2 c c of the unknown plus 2 c c of m ater If the colours of 
the unknown and standard are seen before dilution to be i er\ 
far apart repetition of the estimation maj bo avoided bv 
including in the dilution the addition of 1 c c of femcyanide 
solution to the tube whose eontents are much more blue than 
the other These adjustments have to be made because of the 
jellow colour of the luireduced femejamdo Tliej can bo 
renderel unnecessan bj the use of a powerful artificial light 
covered bv a special!} prepared yellow screen made bt «oakmg 
filter paper first m picric acid and then m paraffin solution 

If the standard is «et at 20 min and the reading of the 
unknow n IS a; the sugar in the blood is— 

20 

grams per 100 ecu standard I was used 


Acetone Bodies 

An indication of the amount of acetone bodies m blood can 
be obtained bj the nitropnisside reaction ns follows — 

Beqjnreil biitrojirussKle suhition Dissolve 3o 5 gramt> of 
ammonium nitrate and 2 o grams of sodium nitroprusside in 
w ater and mal e up to 1 00 c e This reagent keeps for sei enl 
months 

Procedure To 2 c c of the filtrate as obtamed m the blood 
sugar method add 0 7 c c of the nitropnissulo solution Tlien 
add about 0 5 c c of strong ammonia solution and muc A 
pink colour appearmg m ten to twenty mmutes and gndiiall} 
deepenmg is evidence of an evcess of acetone bodies ho atfen 
tion should be paid to a pinkish colour which appears at once 
and fades in about five mmutes 
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Cholesterol 

Required 
2 c c pipette 

10cc,6cc,lcc and 0 1 c c pipettes 
60 c c graduated flasks 
10 c c stoppered graduated cylmdere 
Glass e\ aporating basins about 2 in diameter 
Funnels, and small Petri dishes to cover them 
Alcohol-ether mixture, containing three volumes of alcohol 
to one of ether 
Cliloroform 
Acetic anhjdride 
Pure concentrated sulphuric acid 

Standard cholesterol solution, OOIG per cent in chloroform 
(5 c c contam 0 8 mgm ) Dissohe 0 64 gram of cholesterol in 
chloroform and make up to 200 ecu ith chloroform Dilute 
5 c c of this solution to 100 c c uith chloroform to obtain the 
standard solution 

Pnncxplt (o) The proteins of the blood are precipitated 
and the fatty substances are extracted by the alcohol-ether 
mixture 

(6) The cholesterol is dissolved out u ith chloroform, u hicli 
will not dissolve soaps, and the colour produced bj addmg 
acetic anhydride and sulphiuric acid compared with that 
obtained from a standard solution of cholesterol It is 
essential that all glassware used should be quite drj 
Procedure (o) Run 2 c c of blood or plasma, into a 50 c c 
graduated flask about two thirds full of alcohol ether mixture, 
shaking the flask gently meanwhile Hold the flask by hand 
in hoilmg vater until the alcohol-cther mixture boils (do not 
stand the flask on a boilmg water bath, as the liquid often 
bumps badly) Cool and make up to 50 c c Filter, covering 
the funnel ^nth a Petri dish to check exaporation If the 
filtrate is kept m a well corked bottle it will keep mdefinitelj 
(fc) Exaporate 10 c c of the filtrate on a water bath 
Extract with 2 c c of chloroform and pour into a 10 c c 
graduated cylinder, xvhich must be quite dry , wash out the 
dish twice with about 1 c c of chloroform and make the con 
tents of the cylinder up to 5 c c , xnth chloroform Jleasuro 
5 c c of the standard solution of cholesterol into another 
cylinder To each cyhnder add 1 c c of acetic anhydnde and 
0 1 c c of pure concentrated sulphuric acid , stopper and mix 
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fl!!!'!*'' 20° ‘o 22" 0 in the same light as 

that by jhich the colonmeter readings Mill bo made Cora 
pare in the colorimeter with the standard at 20 mm If the 
reading of the irnknoivi. m ar, the blood (or plasma) contams 
- grams of cholesterol per 100 c c 

To obtain accurate results the standsni and unhnovra should 
not differ bj more than 30 per 
a cent 


f I \ Required 

w I Hi Coarselj ground soja bean or 
^ \ I Hi urease tablets 

\ I 1 j Pestle and mortar 

'iV AT A I andlOcc pipettes 

1 f "4i ftl 10 c c burette 

1? 1? 13 Apparatus, as shown m diagram 

1 I 1 (Fig 10) 

I Jar of hot water, at about 60® C 

j OC per cent acid potassium 

^ A B- \ 

— KaOH and •— HCl, undo 

I ' N 

^ ^ j I up from jp solutions by diluting 

FIO 10 -i™ appamiu. 25 c c lo 250 cc with distilled 
water, and kept m hard glT'S 
bottles 10 c c of acid should from time to time bo 
titrated with the soda , if they are not exactly eqmvalent a 
corrfxtion factor should be used, ep, if 10 cc of HCl require 
10 2 c c of NaOH the amoimt of NaOH used m subsequent 
100 

titrations should be multiphetl bj to make it equivalent 


to the HCl 

Methj I red saturated solution in alcohol 
Anhjdrous potassium carbonate 
Caprj lie alcohol 

Principle (o) The urea m the blood is converted into 
ammonium carbonate bj the action of the enzyme of soya bean, 
which acts specifically on urea 
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(6) The ammonia so formed is dra^vn off by a current of air 
N 

and absorbed m a known volume of HCl 

(c) The HCl left unneutralised is titrated with j^NaOH 

The amount of HCl neutralised by ammonia is then given by 
difference from this the amount of ammonia given off and 
hence the urea in the blood are calculated 

Procedure (o) In tube A put 2 c c of blood add a knife 
pomt of soj a bean or one tablet finelj ground w ith w ater 2 c c 
of 0 G per cent acid potassium phosphate and 2 drops of 
caprjhc alcohol Shake and place in the water at 60° C m 
the]ar leave half an hour shaking occasionally the water in 
the jar need not be renew ed As the fluid is acid ammonia will 
not escape at this stage 
N 

(5) Put 10 c c of ^ HCl and 1 drop of methyl red solution 

in tube B and about 10 c c of dilute sulphunc acid m tube K 
Attach as shown to water pump Run a gentle current of air 
through Remove stopper from tube A and drop m 4 grams 
of anh} drous potassium carbonate measured roughly m a test 
tube 

Replace stopper run current of air gently for five minutes 
then run as fast as possible without the fluids bubbling over 
leave one hour w ith the air current running 

(c) Detach from w ater pump (do not turn off the tap before 
detaching) Wash down the inlet tube of tube B inside and 
outside with distilled water and titrate the acid left with 

N 

NaOH If a: c c of NaOH are used the urea m the blood 

equals X 0 015 gram per 100 c c 

The acid in tube K removes any ammonia in the incoming 
air 

The amount of acid use<I is sufficient if the blood urea is not 
above 0 150 per cent If it is suspected that the blood urea is 
higher than this 1 c c of blood and 20 c c of acid should be 
used If the methyl red turns jellow durmg stage (6) 10 c c 
more acid should be added at once a little ammoma will be 
lost but it will be possible to obtam a rough estimate of the 
blood urea which will mdicate how much blood and acid to 
employ when the estimation is repeated 
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No appreciable change takes place m the blood urea if the 
blood IS kept til ent} four hours 
Fluoride interferes with the action of the so\a bean and mu t 
not be u'sed 


Plasma Bicarbonate 


The Alkali Tolerance lest ma> be useful as a method of 
measuring the plasma bicarbonate The reaction of the 
patient’s urine is estimateil roughlj (p 322) , usually, if acidosi> 
IS present, the urme will give a colour with methyl red 
10 grams of sodium bicarbonate dissolved m 100 c c of uater 
are then given everj hour until the reaction of the unne 
becomes defimtely more alkaline (e g , instead of a red colour 
with methyl red givea orange or yellow) If g grams are 
required the plasma bicarbonate b is given approximately bv 
the formula 


(66 — 6 ) = 


3 ^ 

W’ 


\\ here W is t he n eight of the patient m kilograms 
For e’xample if the weight of the patient is 60 kilognms and 
30 grams of sodium bicarbonate are required the plasma 
bicarbonate is 43 

Le»» correct but stiU useful results can be obtained if the 
alkali IS contmued imtil the urme turns alkaline to litmus 
The method is not applicable m nephritis, as the kidne\-s 
cannot be trusted to re'»pond to changes in the plasma 
Xormalh 5 grams are sufficient to render the urme alkaline 

Chlorides 

Required 

1 c c and 10 c c pipettes 
10 c c burette 
10 X 1 in P^TCX tube 
Iron alum powdered 

^ silver nitrate solution Weigh out 3 398 grams of pure 
silver mtrate di'.<!ohe in thstiHed water, add approximatelv 
o c c of piue nitric acid, and make up to 1 litre 

Potassium thiocj anafe ■mlution eigli out 2 0 grams 

of pure potassium thiocyanate usmg crystals as dry as possible 
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dissolve m distilled ivater and make up to 1 litre Pleasure 
10 c c of silver nitrate solution into a 10 X 1 in tube add a 
knife point of iron alum and titrate with the thiocyanate 
solution until a faint red colour appears Ifycc of thiocyanate 
solution are used the factor for converting into its equivalent 
10 

ofsilver solution IS — 


Principle (o) Chloride is precipitated as silver chloride by 
the addition of a known amount of silver nitrate At the «ame 
time the proteins are destroyed by heatmg with nitric acid As 
silver nitrate is present m excess no chlorine escapes 

(6) The silver nitrate remaining is titrated with thiocyanate 
the amount precipitated can be calculated and hence the 
amount of chloride present 

Procedure (a) Aleasure 1 c e of plasma into a Pyrex test 
tube add 10 c c of silver mtrate solution and 40 drops of 
nitric acid Place in a boiling water bath and leave until the 
precipitate of protein has dissolved and that of silver chloride 
has formed a large grained deposit at the bottom of the tube 
If whole blood is used 2 c c of nitric acid should be used and 
the heatmg continued until the broivn colour disappears 

(6) Cool and if the lolume is under about 6 c o make it up 
to this u ith distilled water add a knife point of iron alum and 
titrate uith thiocjanate until a faint red colour appears uhioh 
lasts on shaking 

lOx 

If a: c c of thiocj anate are required 10— cc ofsiher 


nitrate solution must have been precipitated bj the chlorides 
m the plasma so that 1 c c of plasma contains 0“-T)x 
0 00117 gram of chloride reckoned as biaCl that is there are 
^10 ^ 0 00117 X 100 grams of chloride reel oned 


Inorganic Phosphates 

Required 

2 c c 5 c c and I c c pipettes 
10 cc graduated flasks 

Ash free filter paper {^Miatman No 40 5 5 cm m diameter) 

Funnels 

Colorimeter 
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Standard phosphate solution Dissolve 0 4394 gram drv acid 
potassium phosphate and make up to 1 litre adding 1 c c 
ol strong sulphuric acid to the water u^ed m making up this 
^ the stock solution ofwhichlcc contains 0 Imgm morganic 
F DiluteSocc of this solution to 200 c c thisisthestandard 
solution 2 c c contam 0 025 mgm P 
Tnchhr'icetic acid 20 per cent 

Molybdate solution Dissohe 2o grams ammonium mol^h 
date in 300 c c of water add "Sec concentrated sulphunc 
acid to 120 c e of water cool make up to 200 c c and add to 
the above solution 


Hjdroquinone solution Dissolve 0 5 gram hjdroquinone 
in 100 CO of distilled water add 1 drop of pure sulphunc acid 
Keep in a well stoppered bottle 
Sulphite solution Dissolve 20 grams crystalline sodium 
aulphitem 100c c of distilled water Make up frc^h every week 
Principle (a) The proteins are precipitated hj tnchJor 
acetic acid 


(b) The phosphate present is converted into pho^tphomol^b 
date 


(c) The phosphonioly bdate is reduced to give a blue cohar 
the depth of whch is compared with that given bj a standard 
phosphate solution 

The phosphonc esters present m blood break down wl en the 
blood IS kept if blood is used it must he precipitated at onre 
If plasma is used no barm will come from moderate delaj 
after it has been separated 

Procedure {a) Measure 2 cc of blood or plasma into a 
10 cc flask add about 5 cc distilled water and gradually 
with shaking 2 c c of trichloracetic acid solution make np to 
10 c 0 with water and shako vigorousl} Stand at least 10 
mmutes and filter through an ash free paper 

(b) Measure 5 c c of the filtroto mto n 10 c c fla«k into 
another measure 2 o c of the standard and add 3 c c of w ater 
toeachadd2cc of mol> bdate solution mi\ 

(c) To each add 1 ec of sulphite solution and 1 cc of 
hydroquinone solution miaing after each "Make each up to 
10 CO with water mix and stand half an hour 

Compare m a colorimeter with the standard set at 20 nun 
If the reading of the unknown is x then 100 c e of the blood or 

plasma contains X 0 002o gram inorganic phosphorus 
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This process is the reverse of the blood sugar method in 
which excess of phosphomolybdate is reduced by the substance 
to be estimated It is therefore necessary to clean the cups 
and plungers of the colorimeter ^ery thoroughlj when passing 
from the one method to the other 


Calcium 


Required 

2c c 5c c and 10c c pipettes 

50 c c centrifuge tubes of greenish or pure lute glass with 
conical ends 

2 c c burette with glass stopcock 
Filter papers 

Filtered saturated solution of ammonium oxahte 

N 

potassium permanganate This is most conveniently 

N 

made by diluting a ^ solution Dissolve 1 581 grams of the 


purest potassium permanganate m distilled water and make up 
to 1 litre Dilute 50 c c of thts solution to 250 c o givmg 
N N 

approximately « ith this solution titrate 10 co of 


sodium oxalate solution to which Ice pure H2SO4 has been 
added If y c c are required the factor for converting a number 
of cubic centimetres of this solution to cubic centimetres of 
N 10 

IS — The permanganate solutions should be kept in 


amber bottles protected from dust the bottles should not be 
changed as permanganate solutions keep better in old bottles 


Little change takes place in the solution in fourteen days 


but it should be standardised against sodium oxalate solution 
every week 
N 

sodium oxalate solution Dissolve 0 335 gram of 

oxalate m distilled water add 1 c c of pure sulphuric acid and 
make up to 500 c c This solution will keep fourteen days in 
hot weather 

Saturated solution of calcium oxalate To 10 c c of I per 
cent calcium chloride in a tube add 5 c c saturated ammomum 
oxalate solution, mix and stand three hours and centrifuge 

ClWiCil PATHOKWr 6 
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lour off the supernatant fluid, stir up ,„lb 40 c c of distilled 
nater eeiilrifuge, and pour off ogam , repeat this four times 
W ash the remaining procipitite of cafcnmi orahte mto a flssk 
add 1,000 c e of n ater and 2 c c of strong animonio solalioi,; 

shake fieqiientlj , after threo hours, filter through an ash free 

paper * Tlie filtrate should be tested b\ taking 20 c c , addw" 
0 5 CO strong H,SO, and tit.atmgnith ^ potassium per 


manganate , not more than 0 3 c c should be reqmretl 
2 JiT sulphuric acid 

All glass apparatus wswl m this estimation must lie wa^lied 
first ^ith acid and then uith distilled water The conical fulcs 
must be cleaned with hot <?Hlphttric acid bichromate mL\liire 
for one hour and washed well with distilled water each time 
thej are u«ed 

Frtiicipte faj The cafemm is precipitated as calcium 
O'^alate 

(6) The precipitate is separated b\ centrifuging As 
calcium o'^alate is slightly soluble in water, o saturated solution 
of calcium oxalate is used for washing , m order to assist 
the solution of anj protein which maj contaminate the pro 
cipitate ammonia is added to this solution 
(c) The precipitate of cakmm ovahfeis diasoh ed in sulphuric 


acid and titrated hot %\ith potassium permanganate 


Procedure {a) Collect at least 6 c c of blood in a dr% test 
tube cork and stand until senim separates Pipette off 
serum mto a centrifuge tube, cover the tube with a cap and 
spin Pipette off the clear serum and measure 2 o c into a 
conical centrifuge tube Plasma from blood that lias been 
prea ented from clottmg by the use of I mgm of liepann to 
5 c c of blood is better than serum, as more can bo obtained 
from a given amount of blood without dela^ m separation and 
risk of change m tlie calcium concentration, while standing 
oa er the corpuscles, is avoided Add about 2 e c of distilled 
water anclSce oftheammonmmovalatesolution , mix, cover 
w ith a cap and stand at least three hour* 

(6) Centrifuge , pour off the ».upcmatant fluid gently down 
a glass rod watchmg the precipitate to see that it is not 
fhsturbetl , this can be liest done if the tube is held o\er a 

• Tlie waO eU cnlciiim oxahto si oukl bo kept an 1 raavboii'wl n'-nmnnl 
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piece of black paper If any precipitate sho« s signs of breaking 
away from the mass at the bottom, centrifuge again Invert 
the tube on a piece of filter paper for two minutes then wipe 
round the inside of the upper half of the tube w ith filter paper 
to remove anj remaining fluid Run m 20 c c of saturated 
calcium oxalate solution from a fine pointed pipette first 
breaking up the precipitate and then washing the sides of the 
tube , replace cap and centrifuge Pour off supernatant fluid, 
invert tube and w ipe as before 

(c) Add See of 2 N H stand the tube in w ater at about 

N 

80'' C and w lien hot titrate \i ith permanganate until the 
faintest shade of pmk appears m the fluid and remains fifteen 
seconds after mixing this js best seen bj holding the tube over 
a piece of w hite paper and comparing with another tube con 
taming water onJj It is impossible to do this titration in 
ordinarj artificial light 

A blank titration of 6 c c of hot 2 N HjSO* should be made 
to determme how much permanganate is required to produce 

N 

this faint pmk colour {about 0 03 c c ) If » c c of the 
permanganate are required for the titration of the precipitate 
from the serum (or plasma) and the blank is a c c then 
the amoimt of calcium m 100 e c of serum (or plasma) is — 

(x~ a) Xj grama 

It is essential to clean the centrifuge tubes thoroughly 
otherwise the precipitate sticks to the sides and is lost when 
the fluid is poured off , caps are necessary to prevent dust 
falling into the centrifuge tubes a piece of paper held on 
w ith a rubber band is convenient Occasional!) the precipitate 
is contaimnated with organic matter which does not dissolve 
when the sulphuric acid is added m this case the results ate 
too high 

Bilirubin in Plasma 

A shght excess of bile pigment m plasma (or serum) imparts 
a jellow colour, which is easil) detected unless hffiinoljsis has 
occurred 

Icteric index Compare plasma or preferabl) serum with 
0 01 per cent potassium bichromate m a colorimeter The 
ratio of the reading of the standard to that of the plasma or 

6— z 
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^rum 1 = the icteric inder The avenge normal index k 3 6 
Owing to the posible pre^nce of other j ellow substances =uch 
as carotin, the results are unsatisfactory 
Fouchet’s test is a fatrlj delicate one 
Bequxred Pouchets reagent dissolve 5 gnms of tncMor 
acetic acid m 20 c c ofwaterandaddScc oflOpercent feme 
chloride solution 

AIix 3 drops of plasma with 3 drop of this reagent on a gla«s 
tile If moderate cxce^ of bilirubin is pre'ient a green colour 
deielops reachmg its maximum m twentj mmutes 

A more delicate test, which distinguthes between the 
different kinds of bilmibin and can be used quantitative!} 
is that of Van den Bergh 

Rtqmred (o) Sulphamhc acid solution dissolve J gram 
of sulphamhc acid m water with lo c c of concentrated hvdro 
cWonc acid and make up to I litre 

(6) Sidium mtnte solution dissolve 0 5 gram of sodium 
mtrite m 100 c c of n ater This solution will keep a week 
Before a test mis 2o cc of solution a with 0 7o cc of 
solution b to form diazo benzene sulplionic acid (Ebriich s 
diazo reagent) 

Centrifuge tubeo 
3 graduated 1 c c pipettes 
Graduated occ pipette 

For quaniilaUie estimation Stock iron alum solution 
dissolve 0 loOS gram of ammonium iron alum in wafer con 
tainmg oO c c of concentrated hydrochloric acid and make up 
to 100 c c This stock solution keeps uidefimtel} Prom it 
make up the standard solution bv measunng 10 cc mto a 
2o0 c c flask addmg 25 c c of concentrated h} droclilone acid 
and makmg up to 2o0 cc ITiis standard «oIntion will keep 
one month 

Amm onium thiocjanate solution 10 per cent 
Colonmeter 

Principle Bilinibm gives a violet-coloured nzo corapounfl 
with diazo benzene sulphomc acid If the diazo reagent w 
added directly to the plasma the colour is obtained when the 
bilirubin IS m one state onI\ (direct reaction) if the proteins 
are precipitated with alcohol the eohar i- obtained whatever 
the state of the bilirubin 

The colour obtamed in this last method may l>e use<l lor 
quantitatiTO Rtimalion of the tot-il amount of klmibm 



CHEMICAL CHAmES IN THE BLOOD 85 


present , as a standard for comparison a solution of iron 
thioc} anato in ether is used 

As changes occur on keeping tiie test should he done on the 
day that the blood is taken 

Procedure To 1 c c of plasma ui a centnfuge tube add 
0 5 c c of diazo reagent If a reddish violet colour appears 
M ithm a minute the reaction is direct and immediate If a 
colour appears and slowly deepens the reaction is delayed 
direct After fifteen minutes add 2 5 c c of absolute alcohol 
and 1 c c of saturated ammonmm sulphate, mixing after each 
Centrifuge If a colour was not obtained before the addition 
of alcohol and is now present m the supernatant fluid, the 
reaction is indirect If a quantitative estimation is required 
pipette off the clear^gupematant layer mto one cup of the 
colorimeter and compaffe^ with an ethereal solution of iron 
thioojanate prepared as follows — 

^Iix 3 0 c of the standard iron alum solution m a stout test 
tube, with 3 c 0 of the thiocyanate solution , add 13 o o of 
ether, cork with a well fittmg ordinary cork (not rubber) and 
extract the iron thiocyanate formed by mverting cautiously 
several times 

Head at once with the standard at 10 mm If the reading 

10 

of< the unknown la x, the plasma contains — x 2 0 mgm 
of bilirubin per 100 c c 

This method measures all the bilirubin m plasma m w hatever 
form it IS present Anj plasma giving a positive direct 
reaction will giv e a positive indirect reaction, but the reverse 
IS not true 

A change both m the form and total quantity of bilirubin 
takes place if the plasma is kept for a daj at room temperature, 
but keeping for a day in the ice chest has no effect 

CHEMICAL CHANGES IN HAEMOGLOBIN 

Carboxyhsemoglobm in blood may be recognised by the 
follow mg tests Dilute the suspected blood and a sample of 
normal blood 100 times w ith distilled water Add w ater to one 
or the other until the depth of colour m the tw o tubes is the 
same 

(fl) 1 Compare the two samples in two similar test tubes , 
if the suspected blood contains more than 20 per cent of its 
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h'^moglobm in the form of earboxyliTmoglobm it will be 
distinctly pmker than the normal Wood Saturate «oine of the 
norma! diluted blood with coal gas m another tube, the 
relative hues of the three tube* will give ‘tome indication of the 
proportion of h-emoglobm m the form of carbovi h-emoglohm 
in the suspected blood 

(fl) 2 Add to each tub© a knife point of '4Jdium hydro 
sulphite , the normal blood will turn purple (reduced 
hiemc^Iobm) the unreduced carbovyhaimoglobm will m 
contrast appear jellowish while the unknown will ha\e an 
intermediate hue, according to the proportion of carbon 
h-emoglobm it contam's 

(a) 3 Compare the spectra of the three tubes That of the 
normal Wood \nll be one fiint band m the jellow, that of the 
oarboxvhaemoglobm two better debned bands in the yellow , 
if the suspected blood contains some 20 per cent of jU 
hiemoglobm as carbon haemoglobin tbe<e two bands can be 
seen easily 

(b) To 10 c 0 of the two diluted bloods in two siaular te*! 
tube* add one drop of freshly prepared 5 per cent potassium 
femct amde ^lu well at ouce Both bloods iade to a clear 
vellow , that containing CO will have a more orange tint lie 
change i» complete in about three minutes and remains 
stationary for about fifteen Imnute^ A difference can be 
detected when under 10 per cent of the haemoglobin is in the 
form of carboxvhsmoglobio 

(c) Bod the two dduted bloods The normal blood forms a 
brown coagulum at once , the coagulum firom carbosy 
hemoglobin is at first red, b»t changes to brmcn on JurOier 
boiling The lu^ual description of tlu« test, which leavw out 
this la«t «tage is mi-leading 

Carbosvb'einoglobin in the blood, in amounts sufficient to 
came s\Tiiptoms can, therefore, be detected ea*tlv, at or 
shorth after the time of poj'^nmg If the patient lives the 
carbon monoxide is washed out of the blood and is reduced to 
undetectable amounts m imdersix hours, although the nervotu 
s\ mptoms maa continue 

Nitnc-oxide-hamoglobm carboxihrmoglobw but 

mar be <li tmgna,he<i bi the fact that the red eoasrnluni 
formed bv the boilmg t<~t lemama red on further boding 
Methtemoglobm. if pn-ent m large omounb, impirts a 
brou-n eoloiir to the blood. Dduto the smpeeted blooit and a 
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sample of normal blood 1 in 100 with distiUed water and 
8.xturate both with coil gas If the suspected blood contama 
large amounts of metluemoglobm it will be less pmk than the 
normal Smaller amounts of methiemoglobin can only be 
detected by the discrepanej between the ovjgen capacity as 
estimated bj the usual methods and that to be evpected 
from the luemoglobin content estimated coloiimetneallj by a 
method in which the haemoglobin is conierted to meth«mo 
globm This reqiures very accurate analysis 

Cyanhaemoglobm may be detected as follow s Dilute 1 c c 
of blood w ith 99 c c of w ater , add cautiously an equal volume 
of ntulral hj drogen peroxide (40 vols ) H®moglobm froths 
but becomes bright red , if cjanhsoraoglobm is present the red 
has a brown shade dependmg on the proportions present 
Qj anh®moglobm alone turns brown, then jellow and then 
colourless 

Sedimentation rate 

Required Tubes about 0 5 cm m diameter contumng 1 c c 
and graduated m millimetres (Duller s tubes ) 

Procedure Collect oxalated blood in the usual way Fill 
the tube to the zero mark w ith the aid of a syringe Read at 
intervals for one hour. The height of the column of red 
blood corpuscles at any tune is expr^sed as the percentage of 
the height of the total fluid 

At the end of an hour the tube should be centrifuged in order 
to obtain a measure of the corpuscidar volume 

If the blood is not being taken at the same time for other 
purposes, it may be collected m a 1 c c syringe into which 
0 1 c c of sterile 3 per cent sodium citrate has been drawn. 
The needle is then remoxed the blood and citrate well mixed 
by invertmg with a finger over the opening of the synnge 
The plunger is set at the 1 c c mark and the syrmge clamped 
in a vertical position with the pomt up If the plunger does not 
fit tightly the end to the piston is supported Tlie readings are 
taken as before The syringe may be left twenty four hours 
to allow complete settling to occur, in order to estimate the 
corpuscular volume 

Blood stains 

Suspected blood stains may be examined by the benzidine 
reaction used for the detection of blood in fieces This reaction 
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Is not specific for blood The hcemochTomogen test, which is 
specific for blood, maj be performed as follows To a scraping 
of the stain on a shdo add 2 drops of a solution containing — 


10 per cent KaOH . . . 3 c c 

Pyndine . . 3 c c 

Saturated solution ofgluco<iem water . 3 e c 
Water . . . 7 c c 


If this mixture has not been kept at least three daj s it should 
be warmed, vintil bubbles appear, before usmg Cover with a 
slip and examme If blood pigment is present the colour 
changes from green brown through dark red to salmon pmk, 
and characteristic elongated curved crystals of h®mochroinogen 
can be seen, under the microscope, in from one to six mmutes 
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CHAPTER VI 
BACTERIA 

Introductory In this section no attempt la made to co\er 
the whole subject of parasitology and mention is made only of 
those organisms which the student is expected to be conversant 
with and the clinical pathologist commonly encounters The 
nomenclature employed folloivs that of the Medical Research 
Councils System of Bacteriology which is, or should be, 
available for reference m all students’ bbranes 
The bacteria are classed pnmanlj on the basis of their 
morphology and staining reactions and will be found to fall into 
groups of which the mdividual members resemble each other, 
not only m their laboratoiy characteristics, but also m the 
nature of the lesions which they produce This division into 
groups has other justifications smce it indicates to some extent 
the origm of bacterial species Presumably at one period of the 
world’s history all pathogemc bacteria were saprophytes, hvmg 
upon their hosts without harming them and w'lthout producing 
highly specialised and deadly toxins In each group of 
pathogenic bacteria can be found saprophytic prototypes, 
closely resemblmg the pathogenic members zn morphological, 
stauung and cultural characters As examples may be giien 
the saprophjdic staphylococci found on the skm and m dust, 
the harmless Gram negative cocci of the throat, the diphtheroid 
bacteria and the acid fast hay and butter bacilh 

The acquirement of toxms by bacteria has not been directed 
solely against humanity From the same non pathogemc 
prototype can often be traced organisms causmg similar 
diseases m ammals and which may or may not be pathogenic 
to man The tubercle bacilb are distmctire for man, bovines, 
birds and fish, and although these bacteria closely resemble 
each other in so far as our comparatively crude methods permit 
investigation, each member has become distmct and established 
The rapid multiphcation of micro-organisms might lead us to 
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expect a rapid variation of specie*), but since bactem multiply 
b\ the simple process of spbtting m tno the minimal oppor- 
tunity for lanatzon exists, and such lariatzon as does take 
place IS largelj evolved out of minute alterations m the com 
position of the faacternl tovm Con«equentIj ne should not 
expect to change human tubercle bacilli mto the boMiie or 
avian species bj passing them through numerous members of 
the appropriate animals over mtervaJs of a fen jears, and as 
a fact the change does not occur The establishment of species 
has taken place bj natural selection in the course of ages 
The most virulent of human bacteria are still capable of 
maintaimng m the tissues a harmless saprophj'tic existence 
The pneumococcus, the h'emol^tic streptococcus, the corjme 
bacterium diphtherne m the buccal cavitj , th^ typhoid baciUiis 
in the gall bladder, the colon bacillus m the renal pelvis may, 
and often do, exist xiitbout affecting the boat The presence 
of the speczfio organism IS not the only factor of infection nor is 
the isolation of bacteria from the body the whole of diagnosis 


Table I Tie Gmm'posUne Cocct 


PT0du« exffs \Aurem^ 
«lluUr toxins 
h»jnol«w and 


Large opaqua i igmente*! 
fOjMJfk 

General turbidit} in 
broth 

Liquefy erefatin 
5Slaph\Iocaoc«< Clot milL 

j Green fluorweenee in 
I neutral ml broth 
llerment majority of 
I carbohjilrntea vntl out 


Tj-pe * 

Cajisulatwl i "'l^'Pneuinococci 

non VucoeiJ* 
hjeinolvtii ( OroiipA 


gas 

General turbiiiitj 
iri broth 
No prowtli on 
gelatin 
Clot imik 
Bill soluble 


Ilieinolyitc^ 

VindaM XIouth 

Fttcalis EnUrococciia Bowel 

Anaerobu.-^ 


{ Granular deposit 
tn broth 
Do not hquefj 
peUtin 

Slilk acid no clot . 


This group of organisms comprises the common p}ogeme 
cocci which give n'le to a number of morbid conditions, ha\ uig 
m common n comparatively taof incubation period, an acute 
oiiaet, the local production of pus a usnaUj rapid recoverj, 
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and a tendencj to leave the patient predisposed to future 
attacks 

The Grampositne cocci include the staphjlococci, the 
pneumococci, and the streptococci 

Staphylococa (Plate VII ) The staphylococci gron in 
groups or clusters, an arrangement best seen in films prepared 
from solid media and least evident in broth culture In 
preparations made from pus the organisms are usually in pairs 
with occasional clumps, and are readily taken up by the 
phagocytes 

On slope or plate cultures the staphylococci grow m large, 
round, opaque discrete colonies w ith clean cut edges In 
broth they produce a general turbiditj Litmus milk is usually 
acidified and clotted Gelatin is liquefied, and a green 
fluorescence is produced m neutral ted broth The majority 
of the litmus carhohj drate meiba are acidified, but no gas is 
produced 

These orgamsms therefore as a group grow readily in all the « 
usual media and produce active changes in them The 
staphylococci are divided, accordmg to the colour of the 
pigment they produce when growing on solid media, into 
S aureus, S citreu3,S albus Thepigment, which is chemically 
related to carotm, is most obvious in a recently isolated 
stram, but may not appear until the culture has been exposed 
to sunlight for some hours The power of pigment pro 
duction may be lost m old cultures, and it is probable that 
there is httle racial difference between the vaneties of staphy- 
lococci obtained from human lesions As a general rule, 

S aureus is the most virulent of the staphy lococci and the most 
active m culture media S cifreus occupies an intermediate 
position and is comparatively seldom met with S albus is 
usually the least virulent and the least active m culture media 
White staphylococci are frequently obtained from the skin 
which are practically non pathogemc and \ery mactive m the 
various media, often produemg no change m litmus rmik 

The staphylococci growmg on agar or in broth rapidly 
produce diffusible toxms having hairaolytic, tissue necrosmg 
and leucocidal actions The effect of the toxin upon the white 
cells is first to clump and then to disintegrate them, and has 
probably an important bearmg upon the formation of septic 
emboli The toxin productimi of different strains vanes both 
in amount and m kmd It is exceptional, however, to find 
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white staphylococci which give nse to powerful toxins or 
} ellow strains devoid of all toxic properties 
The mo‘!t characteristic lesion produced by the staphylococci 
IS the formation of a local abscess The most virulent lesion 
IS the acute suppurative epiphysitis or osteomyehtis of children, 
the causative organism being commonly S aumis and le<J3 
frequently a streptococcus, pneumococcus, or one of the other 
staphylococci The staphylococci have a particular afSmtv 
for the lymphatic tissues and often give rise to metastatic 
abscesses m the lymph glands The condition knoivn as 
lymphangitis is practically always produced by S aureus 
Boils, carbuncles, and the suppurati\e lesions engrafted upon 
acne are among the local conditions caused by staphylococci 
The organisms may further bo spread from a local source by 
the blood stream and give rise to abscesses m the tissues and 
joints a condition known as pyaemia 
Numerous other cocci lead a saprophytic existence in the 
human body and may on occasion adopt a pathogemc rSle 
as "secondary invaders of diseased tissues The imcrococcits 
tetragenus is an example of this class of organism and is 
distinguished from the pyogenic staphylococci by its habit of 
dividing in tiro planes at right angles to one another, and thus 
appearmg m groups of four cocci It gron s m confluent white 
viscid colomes on agar and does not hquefy gelatm 
Pneumococcus (Strepfoeoccus lanceoJalus, Dtplococcus pneu 
mcmta) (Elate IX } The pmaiaococcas is coaunonl} not 
rounded but shaped like tlie triangular blade of a lance, the 
bases of the triangles bemg opposed to each other m a pair 
Isot infrequently one member of the pair is lance shaped, the 
other round (^racteristically a diplococcus, short chams of 
four to SIX or even more may be found in pus and m hquid media 
In a film of pus the almost mvanable absence of phagocyt<»)s 
is of considerable assistance m dist mguiahmg this organism from 
the other Gram positive cocci The pneumococci are capsu- 
lated the capsules bemg very obvious m pus films, appearmg as 
clear spaces roimd the organisms, but more difficult to demon 
strate m preparations made from cultures 

The appearance of Gram positive, extra-cellular, encapsu 
lated, lance shaped diplococci m pus is \ery suggestive of the 
pneumococcus , but th^ diagnosis of the onanism should never 
rest upon the film preparations alone, the cultural characters 
must be mvestigated also The organism grows fairh readily 
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on the ordinary media, Imt seldom so freely as the other 
members of this group It grows well on blood agar or m milk 
It does not grow on gelatin On agar it produces minute round 
translucent colonies MUL is acidified and usually clotted after 
two to three days A general turbidity, together with a less 
obvious granular deposit, is produced in broth Few onlj of 
the carbohydrate media are acidified, the most constant being 
dextrose, inulin and raffinos© 

The pneumococci are not haemolytic but on blood agar 
produce green colomes resembling those of S vtndans and in 
blood broth a purple discoloration They have the property 
peculiar among bacteria of being soluble m bile and this 
specific test may be conducted by adding to an active broth 
culture one fifth volume of sterile filtered bile or 0 1 c c of a 
10 per cent solution of pure sodium desoxycholate to 6 o c 
of the culture, which becomes clear in a few minutes 

The pneumococcus is highly virulent to mice and if inocu 
iated subcutaneously the ammal dies of a rapid septic®mia and 
films made from the heart blood or peritoneal flmd after death 
are found to bo swarmmg with the capsulatcd bacteria 

The most characteristic lesion m man produced by the 
pneumococcus is lobar pneumonia, and the orgamsm is abun- 
dant m the sputum and can usually be grown from the blood 
in the early stages of the disease The pneumococcus is the 
commonest cause of empyema and may also produce an 
arthritis (usually of the large jomts) pentomtis a salpingitis 
and a menmgitis Arthritis and peritonitis may arise as 
seq^uels of lobar pneumonia or much more commonly mde- 
pendently of it Pneumococcal memngitis is a somewhat rare 
affection, is usually secondary to otitis media, and runs a 
rapidly fatal course The pneumococcus is a rare cause of 
conjunctivitis but is often associated with serpigmous ulcer of 
the cornea a virulent form of infective endocarditis may be 
set up by the pneumococcus, sometimes as a sequel of lobar 
pneumonia but it is a rare comphcation The c ganism may be 
found m the oral cavity of healthy persons and can frequently 
be isolated from the sputum m cases other than lobar 
pneumonia 

The pneumococci thus form a group of well defined organisms 
with distinctive morphological and cultural characters common 
to the group, and producing similar lesions m man and ammals 
They are subdivided mainly on serological differences, which 



04 


BACTERIA 


result from the chemicil composition of the capsules The 
capsular substances excreted bj the pneumococci are carbo- 
hj drates which are protective to the bacteria and prevent tliem 
from being Ijsed by the body fluids or ingested b\ the 
phagocvtes Division is made into three mam kmds known 
as Ti pes I , U and III oath a remimder composed of the 
other varieties which do not fall within am of the t^Ties and 
are elassed together as Group 
Generallj speaking proteins are antigenic (p 18o) and 
carhoha drates are not Tlie protein bodj of the pneumococcus 
IS common to all the ta-pes and is antigenic , the isolated cap'jular 
substance is slnrpla specific for the different ti-pes and is anti 
genic onl} when adsorbed upon particles such as tho'C of 
collodion or attached to protem such as that of the bacterial 
bod\ Consequently antisera can be produced by injecting 
an ammal with the different tapes which will act specificalli 
upon the capsular substance of the appropriate causing it 
to swell up and disintegrate The antisera will further effect 
specific agglutination of the bactena The methods employed 
for the typmg of pneumococci are described subsequently 
(pp 173 and 239) Of the three recognised types of pnoumo 
COCCI Tjqie I is the commonest cause of lobar pneumonia 
and the least iinilent and Type III the rarest and most 
virulent Type III is also known ns strepfococcus »ni ctwiw 
on mg to Its mucoid growth in culture It has also a great 
tendenev to grow m chains and less disposition to tlie lance 
shaped form its capsules are well marked and can be readily 
demonstrated m cultures Group I\ pneumococci are the 
varieties most frequently met with m the normal mouth and 
are also common causes of lobar pneuoioma 

Antisera are made to the different tvpes and being stnetiv 
type specific it is essential to tyiac the infecting organism Of 
these antisera Type I serum has the highest protectue value 
Felton 8 senna is a concentrated polyvalent serum widelv u«eil 
in the treatment of Types I and II pneumonia 

Streptococci (Plate VII ) Tlie streptococci comprise a con 
siderable group of bacteria havmg the following cbaractcnstics 
in common They grow m chains an arrangement l>est seen 
m hqiud media Tlie number of cocci m a cham lanes from 
10 to oaer 100 In prep irationa made from pus short cliams are 
usuallv numerous but the majonty of the oiganisms ma^ bo 
m pairs and mana of them are found w ithm the phagoca tes 
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In cultures some of the cocci may show elongated bacillary 
forms On solid media the streptococci grow in small round 
translucent “ pm point ” colomes Broth shows a granular 
deposit on the sides of the tube with a few white granular 
colomes floating m an otherwise clear medium Gelatin is not 
liquefied, and aa a rule few of the carbohydrate media are 
acidified The majority of the more pathogenic members 
acidify milk w ithout clotting it 

The introduction of streptococci into the human body is 
followed by a brief mcubation period, which may not exceed 
a few hours and a rapidly sprcatlmg mflammation Tlie 
bacteria tend to traverse lymphatic barriers cand to enter the 
blood stream, often with fatal results Recovery is usually 
rapid and immunity short bved ' 

No settled classification of the streptococci is \et possible 
either by serological methods or by their reactions in carbo 
hy drate media but they are provisionally divided into hoimo 
ly tie and non h»raolytic the latter being further sub divided 
into mouth streptococci bowel streptococci and anaerobic 
streptococci 

The hiemolytic streptococci have the property of breaking 
up red blood cells m culture On blood agar plates the colonies 
show a colourless zone of hiemolys^ around them and if a 
6 per cent suspension of washed red cells m normal saline is 
added to a one day old culture in broth hoimolysis occurs m a 
few hours at 37* C The production of hEemolysis in liquid 
media is the more definite test and is knoAvn as /? heemolysis 
Among streptococci of other groups some have no haemolytic 
action (y type) others grow on blood agar with a zone of 
greenish discoloration due to the formation of an oxidation 
product of hiemoglobin These organisms are known as S 
iiridans, and the form of hiemolysis as « Ii'cmolysis they are 
clas'sed among the mouth streptococci Evidence for the sub 
division of S hamolyticus mto specific types is contradictory 
and there is much overlapping both m their fermentative actions 
upon the carbohydrates and in their agglutinins There is 
considerable evidence that all the toxms of this group are 
immunologically identical The names »9 pyogenes S erysxpe 
latis and S scarlatina: are m common use and it is convenient 
to give a brief description of each though all may be identical 

(S' pyogenes The most characterratic lesions produced by 
this organism m man are the acute spreading inflammations of 
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the nature of cellulitis S pyogenes ma\ m addition caii&e 
acute mflammation m almost anj part of the bod}, and the 
infections set up by it are usually of a serious nature The 
lymph ghnds present a verj feeble barrier to the spread of the 
organisms •which not infrequentlj gam entrance into the 
general circulation and ma} be recovered from it m blood 
cultures Puerperal septicsemia is a tjpical example of local 
infection b\ the S pyogenes u ith a general dissemination in the 
blood stream Infective endocarditis in the acute and virulent 
aariety uhich follows a local infection is commonly produced 
by this organism It is a not uncommon cause of pneumonia 
and in particular of the broncho pneumonias of children and 
after the pneumococcus is the most frequent organism found 
in empyeniata It is an important agent in the production of 
otitis media and of the purulent meningitis w hich may result 
S erysipefebs IS not agreed to be a specific organism Erysi 
pclas IS an acute inflammation of the epidermis and cellulitis 
of the subcutaneous ti«sues and both are caused by biemolytic 
streptococci In ammah erysipelas follows the rntradermal 
injection of anv h®molytic streptococcus or even of pneumo 
COCCI and the latter o^msm may produce an erysipelatous 
lesion in man On the other hand there is clinical evidence 
that a case of erysipelas gives rise to similar caecs and it has 
been claimed that the antisera to the toxm of S enjaipefalts 
produces blanchmg of the erysipelas and not the scarlatmal 
rash The last observation has not however been confirmed 
S scarlatince Important evidence in favour of a specific 
streptococcus of scarlet fever has been adduced by the Dicks 
The oiganism can be isolated from the fauces m a high perccn 
tage of cases of scarlet fever and the cocci are agglutinated by 
the sera of convalescents Culture of the orgamsm sprayed 
upon the fauces of volunteers have given rise to fe% er angma 
and a scarlatinifomi rash A lUffusible toxm is produced in 
broth culture and can bo given mtradermally to distinguish 
be tn een those susceptible and those immune to the disease just 
as diphtheria toxin is used m the Schick test (p 208) Tlie 
toxm differs from the diphtheria toxin m being highlr resistant 
to heat The antitoxm prepared, from the toxm is given 
m scarlet fexer and good therapeutic results are claimed 
for it The antitoxm has further the property of blanching 
the scarlatmal rash over an area roimd the site of mjection m 
the same manner as does the serum of a convalescent case 
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(Schultz Charlton reaction) Similar effects, however, can be 
obtained vith antisera prepared to the toxins of haraol^tic 
streptococci from any source There can be little doubt that 
hajmol^tic streptococci are mtimately concerned in the sore 
throat, the rash and many of the compbcations of scarlet fever, 
but it IS still within reasonable speculation that the epidemic 
fex er results from a virus infection, and the rash, the arthritis 
and the septic complications from a secondary streptococcal 
invasion The solid immunity resulting from an attack of 
scarlet fe\ er is sufficient ground for the belief that the associa 
tion of hfemolytic streptococci with scarlet fever is not the 
whole problem 

The mouth streptococci include S nndans and others of the 
y type Tlieir cultural characters are. similar to those of S 
hcBmolyhcus but the^ haxe a tendency to grow in somewhat 
shorter chams and less luxuriantly They are to be found 
almost constantly m the mouths of normal persons and 
commonly m the duodenum They bare low virulence for 
mice , 

S undans is by far the commonest organism found m the 
blood and on the heart \alres in cases of chronic infective 
endocarditis but its relationship to rheumatic fever and to 
chronic arthritis is much more problematical Claims to have 
groum streptococci of the vtndans and y types from the blood 
and joints are numerous but the methods employed have been 
so elaborate that the possibihty of contaminations cannot 
outu eigh the results of the many observers u ho hav e obtained 
negative findings S vtrtdnna tends to multiply m the throat 
dunng epidemics of the common cold and plajs the part of a 
secondary invader It is probable that the pure virus stage 
of the cold is short hved and the chronic catarrh is due to the 
presence of these and other bacteria and vaccmes prepared 
from the buccal flora often aj^ar to have considerable prophj - 
lactic value Tlie streptococci may also play a part in the 
tonsillitis of rheumatic fever and m the form of nephritis which 
IS frequently preceded by a sore throat S vtndans may 
occasionally be obtained from the normal conjunctival sac 
and may produce a conjunctivitis The more virulent form of 
conjvinctivitis, associated with membrane formation, is usuallj 
due to 8 hcemolyticus In cases of mfective endocarditis 
ordinary treatment by voccme or serum therapy is useless 
Attempts have been made to immunise a donor of the appro 
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pnate blood group uith killed cultures of the orgimsm grouTi 
from the patient s blood and to gi\ e transfusions of u hole blood 
in amounts from 100 to 600 cc and some success has been 
claimed in a feu cases 

The bowel streptococci include a group of long chained 
streptococci to which the name S enierHts has been given a 
short chained group of the enlerococct and the manmte fer 
meriting group of Andrews and Horder, uhicb appears to 
include members of both the other groups and u Inch they class 
as S /escahs The enterococctis is the most dtsfmefire of the 
bouel streptococci In appearance it is a lanceolate diplo 
coccus i««emblmg and frequently mistaken for the pneumo 
coccus but it IS not bile soluble and is an active fermenter of 
the carbohydrates latmus milk is acidified clotted and partly 
decolorised In man the enterococcus is commonly obtained 
from the urinary tract and rarely in pure culture from coses of 
pvebtis and cy stitis It exceptionally in\ ades the blood stream 
and on the whole is an organism of low pathogemcity 
Anaerobic streptococci Strict anaerobes are rare among 
the streptococci but are occasionally met with m the vagina 
and on other mucous surfaces The group comprises a number 
of gas formmg bacteria to which the names of jJ/ fcehdtts and 
S have been given The pathogenicity of the group 

18 very lou to ammaU and apparently to man also 


Table II 


TAe Gram VfgaUre Cocct 


Ferments glucose and 
not maltose 
Ferments glucose and 
maltose 

Pigmented growth 
Ferments no carbo 
hvdrate 


r Gonococcus 

{ Meningococcus 
Flavus 
I Catarrhalia 


Minute delicate 
colonies slow 
growth No 
growth on 
agar 

Larger colonies 
grow on agar 


The Gram negative cocci mclude two important pathogemc 
members the gonococcus and the meningococcus and a number 
ofsaprophy^ic bacteria which ire mamlv of significance because 
ow mg to their habitat stamingandculturalreactions they may 
lead to error’ of diagnosis All the organisms of the group 
show a marked preference for certain special localities namely 
the urethra vagma memnges conjunctival sac narea and 



GONOCOCCUS qJ 

pharjTix In the United States the bacteria of this group are 
classed as the Netsserta 

Gonococcus (Plate VII ) The gonococcus is characteristicalU 
a diplococcus in uhich the individual members of each pair 
have the opposed surfaces flattened In a film of pus the 
majority of the cocci are found within the phagocytes, and a 
typical field shows large numbere of emptj cells, together with 
one or two only of the polymorphonuclear or epithelial cells 
crow'ded with diplococci A film of pus m which the compara 
tively few cells which are phagocytic are distended with 
flattened Gram negative diplococci regularly disposed m the 
cells, particularly if obtamed from a urethral or cer\ical 
discharge is sufficiently eharactenstic to justify the diagnosis 
of a gonorrheeal infection It must be remembered, however, 
that errors m the technique of using Gram’s stain are common, 
and that an intracellular diplococcus is by no means necessarily 
a gonococcus It is unfortunate that owing to the difficulty 
of isolatmg the gonococcus m culture, the diagnosis has often 
to be made from film preparations, and m cases of any doubt the 
beginner should be far more cautious than is customary m 
expressing an opinion 

The gonococcus w ill not grow at all on the ordinary media, 
but requires some medium contaming the essential elements 
of blood serum A simple medium upon which to grow the 
organism is an agar slope over which has recently been smeared 
w ith a platinum wire a drop of sterile blood obtamed by prick- 
ing the thumb A good medium for general purposes is the 
serum agar medium described on p 249 On this medium the 
gonococcus grow s w ell, but somen hat slow ly the small translu 
cent ‘ pm pomt ’ colonies takmg 24 hours or longer to reach 
maturity A more satisfactory but more complicated medium, 
is described on page 251 It is important that the culture media 
employed should be moist and preferably w ith visible water of 
condensation m the tubes There should be the mmimum of 
delay between inoculatmg the cultures and incubatmg them 
The gonococcus very constantly produces acid m glucose and 
not m maltose media, and these reactions are best tested for m 
sohd media to which the carbohydrates and a suitable indicator 
have been added The gonococcus rapidly dies out in culture 
lubes unless frequent subcultures are made 

The usual infections produced by the gonococcus are mtra 
genital — that is to say, a urethritis in the male and a urethritis, 
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or more commonK an inflammation of the a agma and cervix 
uteri, jn the female ako p 231) The diagno-sis of the 
nature ofan acute urethntism the mile IS ea«;a , thedngnosu, 
of gonorrlioDi m the adult female reqiures a special e\aiuma 
tion A sttib taken at random from the ingmal secretion is 
qiute u«ele&s Films made m this waj, eaen from the normal 
vagma swarm a\ith bacilli cocci, and other organisms, «o that 
It IS a profitless labour to search thxoirgh them for occasional 
gonococci The films should be made from the mtenor of the 
urethra and, after the pas'^age of a speculum from the cervical 
canal care being taken not to touch the w ills of the vagina 
The gonococcus is the commonest cau«e of pyoialpinx, but at 
the time of operation the oTgam-’m has frequently dietl out and 
caiuiot be demonstrated in the pus The infective ragmitis of 
little girls differs m some clinical respects from the gouorrhcea 
of adults m that it is estreroelj contagions and may spread 
througli a children s ward It has on unduly long uicubatioa 
period and is vera exceptionally followed by the ordinary 
sequeloj such as arthritis The vaginal di>charge of the«e 
cases contains large numbers of gonococci of tj-’ 2 Mca} 
apjieii ranee 

Among the complications of gonorrhcea in which the gono 
eoeetzs may be detecterl aro conjunctivitis (ineliithng the most 
frequent vanetx of ophthalmia neonatorum) arthritis and 
rarch a general septicajmia, with or without an infective 
endocarditis 

Meningococcus (Plate IX ) The memngococcu‘« m films of 
pus obtamed trom the cerebro spmal fluid apjiears as a diplo 
coccus some of the organi'-ms are extra-cellular, but the 
majority may be within the phagocytes The cocci are imialh 
roimded but ocoa«ional purs with flattened ojipo'ed surfaces 
mav be ‘^een and rarelv a polymorphonuclear cell may be found 
distended w ith such pairs the organisms thus closely resemblmg 
the gonococcus in appearance Fortunately it pncticalh 
never required to distinguish between the tw o organisms, ow mg 
to the diverse situations m wluch thox are found Cultural 
differences are neither great nor alisolutely constant The 
memngococcus will often grow on ordinary agar m primary 
culture but the blood'contommg media necessary for the 
gonococcus are advisable and almost e«*cntnl for the menmgo 
coccus In the carbohydrate media the memngococcus fer 
meats both glucose and maltose, but the«e reactions are not 
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absolutely constant for all strains The distinction on sero 
logical grounds is also inconclusive owing to cross agglutination 
betn een the tu o organisms and the difficulty m getting pol> 
valent sera against all t j pcs of either bacterium The menmgo 
coccus bke the gonococcus tends to die out m cultures and is 
best kept on Dorset’s egg medium 

It appears from agglutination teats that more than one 
\ariety of meningococcus exists and b\ this means four t>pes 
have been differentiated 

The meningococcus is the causative organism of cerebro 
spinal meningitis, both m its epidemic and sporadic form, and 
can nearlj aluajs be obtained m pure culture from the cerebro 
spmal fluid During an epidemic the organism can frequently 
be grow n from the blood in the early stages of the attack and 
from the hamiorrhagic skin lesions Tlie meningococcus gains 
entry from the pharynx and ‘ carriers ’ are responsible for the 
maintenance of the infection The recognition of ‘ earners ’ 
is difficult owing to the prevalence of other Gram negative 
cocci m the throat Cultures of the pharynx should be taken 
with a West s swab (p 401) to prevent contamination with the 
saliv a w hich has a bactencidal action upon the meningococci, 
and plated on a serum agar or hydrocele agar medium The 
small, transparent colourless colomw with sharply defined 
margms are picked off for further examination which must 
include agglutmation reactions For the agglutination test 
Fildes method is advisable owing to the number of strams 
encountered By this method a polj valent serum is absorbed 
by the unknown strain and then tested against tjpe cultures 
to determine which, if any, type agglutinm has been removed 

Micrococcus flavus is an apparently non pathogenic organism 
which has much cultural resemblance to the meningococcus but 
differs from it by produemg a pale jellow pigment m primary 
culture and m its agglutinating properties Other and more 
deeply pigmented Gram negative cocci are met with m the 
throat, but owing to their ehromogenic properties should not bo 
mistaken for meningococci 

Micrococcus catarrhalis This coccus is the least important 
member of the group, and may be regarded as a more or less 
normal inhabitant of the nose and throat In film preparations 
it appears as a fairlj large rounded diplococcus, and is often 
found within the phagocj tes It grows feebly on agar m small 
colonies w hen first isolated, but more abundantly in subcultures 
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The colonies ore more opaqne than those of the meningococci 
and unlike them emulsifj badl\ in saline No acidification of 
the carbohjdrate media is produced 


Table III 


Tht And fast Bactlli 


More fetfial fo pu nea ] gs 
than to rabbits 
Lethal to rabbits and guinea 
pics 

Not lethal to rabbits an 1 
guinea pigs 


I Htunm type . 

j Avian lYpe"^ 


Slow s<,alj growt) 
on glvcenne and 
egs ine<lia 


Produces diM-a«e tn eatll 




Johne e 
bacillus 


f Grows on Died a to 
' which other acid 
fast bacilli or 
I their products 


/^megma bacillus 

Non pathogenic^ 'Moellers Timotlih grass ba* illis 
NnabinoTTjtsch butter bacillus 


f 

I 


f roiv with irJatiyr 
rapidity an I on 
simple meti « 


This important group of oigaiu^ras belongs to the genus 
1Jycodai:tert/m and includes a number of ba-^terM pathogenic 
to man and ammals and re^einbling each other m their need for 
special culture media and their slow rate of gro^ th The le«ions 
produced are alike m their nodular or tubercid'^r characters and 
m their chronicit\ There are tj^pes of acid fast bacilli patho 
genic for man bea^t** birds reptiles and fish, and m addition 
numerous saprophiMic organisms mdeh spread in nature 
The bacilli have ”1 tendenc\ to produce long thread like beaded 
and even branchmg forms and are no doubt ftwh closely related 
to the <streptothrice», some of which are acid tast The term 
acid fa'st ' is U'led to indicate a staining reiction due to 
fatt\ and waxi substance-* incorporated in the bacilli and 
separable from them after prolonged e-^traetJon bj ether or 
other fat ‘'oh ents The«e substances being resistant to ordmarj 
die* the bacteria are not coloured bj simple sWmmg processes 
but after staining with hot carbol fiichsin they are coloured red 
and will then resist decolonsation by mineral acids Some 
members of the group are more easih decolonsed b\ acid than 
others and some are decolorised b\ alcohol while others are not 
The acid fast bacilli are a! o Gram positive 

M tuberculosis {twhercle l>acilh) (Plate ) The detection 
of tubercle bacilli in preparations made from sputum urine, or 
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other sources is descnbed m subsequent chapters Stained by 
the Ziehl Neelsen method (p 217) the bacilli appear as thm 
curved and beaded red rods and are mainly extra cellular 
They produce toxins which are mtimately bound up -nith the 
bodies of the bacteria and which can be extracted by various 
processes to form the different tuberculins (p 202) The 
tubercle bacilli are not generally believed to form spores but 
there is evidence of the possibility of an ultra microscopic stage 
of these, and conceiiably other bacteria Filtrates of tuber 
culous pus or of young cultures of tubercle bacilh m which 
hactena can neither bo seen nor demonstrated m culture have 
been found by some ohseriers to set up an adenitis m distant 
lymph glands after a long interval of time Acid fast bacilli 
have been recovered from these glands and after further passage 
or cultivation have yielded tjqiical tubercle baciUi Similar 
filtrates have produced tuberculosis in the gmnca pig foetus 
without affecting the dam Evidence of a filterable phase was 
first made by Fontes in 1910 and has recently been amplified 
and categorically confirmed by Calmette The exammation 
of similar filtrates by many other observers has however, 
yielded entirely negative results 

The human tubercle bactUu^ is by far the most important of 
this group of organisms and is respomible for the great majority 
of all human tuberculous lesions mcludmg nearly all cases of 
pulmonary tuberculosis The human tubercle bacillus will 
grow on blood serum or on media to which glycerm has been 
added such as glycerin agar or glycerin broth as well as on 
inspissated and liquid e^ media Growth on solid media is 
very slow and only a slight granularity is seen in 10 days 
later the growth becomes wrinkled greyish and scaly The 
human type grows better on glycerm-contammg media than 
the bovme tyxie Old cultures on potato become deeply 
pigmented and of a reddish brown colour Inoculated mto 
animals the bacillus is found to be highly virulent to gumea 
pigs but to have comparatively little virulence for rabbits and 
calves 

The bovine tubercle bacillus is responsible for a proportion of 
the glandular and arthritic tuberculous affections particularly 
m children and much less frequently for pulmonary tubercu 
losis Ou mg to the extreme frequency of tuberculosis among 
cows and the common presence of bovme bacilli m milk this 
source of infection for the human subject is no doubt a wide 
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one at the same time the typical human infection is pufmo 
narj tuberculosis and the spread of tuberculosis in ita most 
important aspect is hr the human sputum The bovine brciUiis 
on serum grotvs more slorrlv than the human bacillus tahmg 
from 2 to 3 weeks to produce a thin grerish film which is 
neither wrinkled nor pigmented It ,s highly pathogcmc to 
calves and rabbits 

A bovine strain of tubercle bacilli has been cultivated bv 
Oilmette and Guenn m a bile medium for manv ^ ears It ha <5 
remained acid fast but has lost its patliogemc properties for 
man and animal*? It is claimed that the hacilh are still 
antigenic and injected mto amroals mil convert a ncgatne 
tuberculm reaction into a positive one The strain is Lnow-n as 
the BCG (Bacille Calmette Guenn) and has been widely used 
on the Continent m the proph\ lactic vaccmation of children 
again«t tuberculo*?is 

The aiian tubercle bacillus appears to be pncticalh non 
pathogenic to man ind since luberculois b rare among birds 
m the Wild state though common among tbo^e kept m cap 
tlv^t^ the bacillus can scarceh be regarde<l as a «enous factor 
371 the spreid of human tiiberruJosb The avian baciUss is 
readiK recogtiued b\ moeulation erpenments since it i* highlv 
virulent to pigeons but in guinea pigs produces onii a locil 
lesion 

The avian bacillus gro\rs more rapidJv thm the human and 
in gh cerin broth fonns a granular deposit at the bottom of 
the flask m contrast to the human tvpe which grows m a 
TTTinUed pellicle on the surface 

The baallus offish tuberailosis does not grow at bodv tern 
peratiire and is non pathogenic to mammaL 
Johne s baciUus is another acid fa*?! bacterium which 
produces a chrome inflammation of the intestinal mucous 
membrane of cattle The orgam m will not grow on the 
ordinan media unie*?* other members of the acid fast group or 
their products have been added 
The non pathogcmc acid fast baalli embrace a number of 
organisms which diflfer from the pathogenic bacilli m their 
far more rapid growth on artifrcial media The\ are practicallv 
non pathotfemc to animaU and on moculation into the fughh 
susceptible guinea pig give me to a small local legion onlv 
The group includes Rabmowit««h8 butter bacillus Aloellers 
tiraothv grass bacillus and a aanety of similar organisms 
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fo\ind in dust, manure, and other substances These bacilh 
rarely cause confusion in human pathology, but owmg to their 
occasional presence m tap water, m glassware as received from 
the manufacturer, and in chemical reagents mcludmg absolute 
alcohol, the findmg of scanty acid fast bacilh m any specimen 
should be carefully controlled 

The smegma bacillus This organism is considered separately 
because of its human distribution and the liability to confusion 
with the virulent tubercle bacillus The smegma bacillus is 
found in the genital secretions, and in film preparations appears 
as a shorter stouter, and less beaded rod than the tubercle 
bacillus The smegma bacillus can be usuallj differentiated 
by its staining reactions smce after treatment w ith 25 per cent 
acid it IS decolorised bj immersion in methylated spirit for 
2 mmutes Some strains of smegma bacilli are, however, both 
acid and alcohol fast The smegma bacillus grows luxuriantly 
on serum and glj cerm agar media 

For the purposes of clinical pathology, the demonstration of 
bacilh which are strongly acid* and alcohol fast in the human 
tissues IS sufficient for the diagnosis of a tuberculous lesion 
The only organism likely to be confounded with the human 
tubercle bacillus is the bovme bacillus, and for practical 
purposes the tw o raaj be considered as identical 

In tuberculosis of the lung and of the unnary tract the 
bacilli are commonly found in large numbers m the sputum 
and urme In the pus obtained from tuberculous sinuses and 
abscesses or from tuberculous joints the bacilli are almost 
alwajs evtremelj scant j The same is true of tuberculous 
body fluids, whether peritoneal, pleural, or cerebro spinal , 
also of the skm tuberculides In the fieces the bacilli may be 
present in large numbers in cases of tuberculous enteritis and 
in very small numbers m pulmonary tuberculosis In young 
children who swallow the sputum, tubercle bacilli may bo 
reco\ered from the stomach bj lavage In all situations, other 
than the urine or the sputum it is necessary to adopt special 
processes for the demonstration of the organisms, and these w ill 
be described m a subsequent chapter 

M. leprae (Hansen’s bacillus) The leprosy bacillus closely 
resembles in appearance the human tubercle bacillus, but the 
follow mg distinctions can be made out* The bacilli are > cry 
numerous in any leprous lesion, whether m the pus from a 
breaking dowm focus, or fromaamuSjOr m microscopic sections 
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of lepra nodules Many of the bacilU are seen within the cells, 
and certain elongated cells are found containing a numher of 
bacilli arranged like a bundle of cheroots rurther, the lepra 
bacillus IS not as a rule so acid fast as the tubercle bacillus, and 
may often be decolorised by 25 per cent sulphuric or nitnc 
acids, retainuig the etam only when treated with acids of half 
this strength The lepra bacillus does not grow on the media 
usually employed for the tubercle bacillus, and until recently 
had never been cultivated 

Cases of leprosy are extremely rare in this country, and all 
are imported The diagnosis can in nearly every case be 
confirmed by makmg film preparations of the nasal secretion 
The majority of leprous individuals have a chronic crusted 
nasal discharge containing the bacilli in large numbers, so 
that it is rarely necessary to excise a suspected nodule for 
microscopic examination 

In spite of the prevalence of the bacilli m the nasal secretion 
the disease appears to have very little direct mfectivity and its 
mode of spread is still obscure 


Table IV The Orampwilne [non-acid fast) Baetllt 


Aerobes 


/ Diphtheria— toxm producing 
II ferments glucose 
|| ' Diphtheroid— ferment sac 
charose 


/ Anthrax— non motile, capsu 
Aerobes spore - bearing, | 'I lated 

hquefy gelatin 3 ] Subtihs— motile non capsu 

I lated 


Spore bearing toxin pro | 
ducmg anaerobes I 


Tetanus 

+ 

+ 

Botulinus 

+ 

+ 

Welchii 



(Edematienx 

+ 

~ 

Septique 


+ 

Chauvoci 


+ 


This important group of Gram positive bacilli mcludes two 
classes of aerobes and one of stnct anaerobes Of the aerobic 
bacteria diphthena and the diphtheroid bacilli belong to the 
genus corynebacterium anthrax and subtilis to the genus 
bacillus The anaerobes are of the genus clostndium 

Corynebacterium diphthena {Kl^e Loffler bacillus) (Plate 
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VIII ) The appearance of the diphtheria bacillus m films pre 

pared from cultures is very charactenstic hut it iq rarely possible 
to identify the orgaiygg i filmR mnHft directl;;y fr om the swab 
The bacilli are arranged in small groups and the members'~of 
each group have a peculiar angular relation to each other so that 
the groups resemble the fingers of the hands crossed or a Chmese 
character The individual bacilli are thm curved and beaded 
staining alternately m light and dark areas The^ are non 
motile Some bacilli raaj show bulbous or racquet shaped 
extremities and these so called involution forms are common 
m cultures more than 48 hours old The bacilli are readily iden 
tified from their size shape beading and arrangement after 
stammg with Loffler s methylene blue Neisser s stain (p 233) 
IS an additional aid m distinguishing the diphtheria bacilli smce 
the metachroma tie granules are w ell show n by it and it is excep 
tional to meet with diphtheroid bacilli positive to Iveissers 
method The organisms grow well on the ordmary media but 
it IS preferable to make the primary culture on Lbffler s senim 
since the diphtheria bacillus tends to outgrow the other throat 
bacteria m the first 12 hours and the characteristic appearances 
are more constantly developed On sohd media the bacilli 
grow m colonies of the streptococcal type but they are slightly 
more heaped up and opaque A general turbidity is produced 
in broth and with good toxin producing strams a pellicle is 
formed on the surface The filtrate of a 10 day broth culture 
contains the powerful extra cellular toxin sometimes in such 
concentration that 0 001 cc will kill a gumea pig Of the 
carbohydrates the diphtheria bacillus constantly acidifies 
glucose and galactose but never saccharose no gas is produced 
Gelatm is not liquefied 

If a suspension of the bacilli is introduced into the leg of a 
gmnea pig death results in about 36 hours and post mortem a 
small grejish necrotic membrane is foimd at the seat of 
inoculation Hemorrhages are present m the supra renals and 
the cardiac muscle on microscopical examination is found very 
extensively affected by a fine fattj degeneration If a second 
gumea pig is inoculated with the bacilli or their toxins together 
with anti diphtheritic serum no lU effects result 

Tliese procedures constitute a form of virulence test 
such as is essential for the certain recognition of the toxin 
produemg diphtheria bacillus 

The diphthena bacillus is the pathogenic tjqie of a large 
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number of bacilli the non pathogenic members being knoTin 
as diphtheroid bacilh 

Diphtheroid bacilli are aerj widely distnbuted m the human 
bod} and it is es-^entialto ha\e6ome knowledge of them owing 
to the extremely close resemblance the} heir to the diphtheria 
bacillus itself The diphtheroid bacilli include those uhicli 
can be distinguished from the Klebs Lbfller bacillus on morpho- 
logical grounds those uhich cannot be so diatinguished but 
■\\hich haxe cultural differences and those which are both 
morphologicall} and culturally identical 

Hojmnnns bacillus can be distinguished on morphological 
grounds b} its appearance m film preparations made from a 
culture The bacilli are distnbuted in groups the members 
of which hax e a tendenc} to a parallel nther than an angular 
arrangement The} ire short and rarel} curied and are not 
trul} beaded but stain deepl} at each end cb8pla}nng a pale 
band across the middle 

The} are more strongl} Gram positive thin the diphtheni 
bacillus and are nogatjre to Nei^ers stim 

C xerosis is the name giren to a diphtheroid organism 
commonl} met with m the conjunctival sacs It clo^el} 
resembles G in appearance but nreh gives Neis^er 8 

reiction It grows badl} on agir and m broth levies the 
medium clear forming a granular deposit at the bottom It 
ferments saccharo^ie 

The acne bacillus in film preparations resembles the diphtheria 
bacillus in its groupmg but is smaller and is not beaded beuig 
in appearance not unlil e Hofmann e bacillus It grows with 
difficult} on the ordinnr} media except in subculture and the 
first culture is best planted on oleic acid glyoenn agar and 
grown under anaerobic conditions The icne bacillus h 
obtamed in considerable numbers from the depths of acne 
comedones ^^^len suppuration occurs a staph} loeoccus is 
usuall} present m addition 

The causal relationship of the bacillus to acne is not certaiiil} 
established and the treatment of acne b} x accines made from 
this orgamsm is of doubtfiil value 

Other bacilh which are frequenti} isolated from the urethra 
and less often from an} of the above situations resemble the 
diphtheria bacillus exictl} both m their morphology and m 
their cultural characters llicv differ however in one len 
important respect — thex produce no toxin an<l are conso 
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queiitly non pathogenic to guinea pigs The relationship of 
the non toxin producing bacilh to the pathogenic diphtheria 
bacillus IS uncertain, and the possibility that an organism i\ Inch 
produces no toxin in culture and is non lethal to animals might 
yet be capable of reacquiring properties temporarily lost, 
cannot be dismissed, but in practice it appears to be justifiable 
to regard a diphtheria like bacillus which is non lethal to the 
guinea pig as harmless to human beings 

If a bacdlus is obtameil from the throat or larynx of a person 
w ho'se chnical condition su gg ests diphtheria, and if it is found 
to resemble the diphtheria bacillus m appearance, the patient 
should be isolated and given anti toxin In the case of nasal 
diphtheria the full cultural and morphological characters of the 
bacilli should be ascertained, smce diphtheroid bacilli are 
common in this situation, and greater attention should be paid 
to the chmcal condition than to the bacteriological findmgs 
In patients convalescent from diphtheria the persistence of 
bacilli 13 usually due either to the presence of a small tonsillar 
lesion requiring treatment or to the appearance of diphtheroid 
organisms In such cases as well as m suspected diphtheritic 
lesions in unusual places, such as the conjimotiva surface 
wounds the vagina, etc the morphological and cultural 
characters of the bacillus are insufficient for diagnosis In all 
cases of doubt or of exceptional importance (such as a sporadic 
case of diphtheria in a school) the bocilh must be isolated and 
animal inoculations performed 

The routine bacteriological examination of the throat is 
therefore of great assistance in suspected cases of diphtheria, 
but the results should be accepted with reserve in other 
situations, and should not be regarded as proven until a 
guinea pig has been inoculated 

The successful isolation of the bacilh from the throat is 
largely dependent upon the care with which the culture is 
taken The necessary apparatus consists of a blood serum 
culture tube and a second tube containing a straight piece of 
stout copper wire, around one end of which has been firmly 
twisted a piece of absorbent wool Wool and wire must be 
sterile In the case of a refractory child have the arms, legs, 
and body w oimd m a blanket and the child’s head held by a 
nurse Choose a good light, depress the tongue with a spatula, 
pass the cotton-wool swab on to the membrane and rub it 
firmly mto the lesion Withdraw without touching the tongue 
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or cheeks Rub the swab o\er the surface of the serum anti 
replace m its own tube without burning it Incubate for 
12 hoiira Examine films stained w ith Loffler’s methylene blue 
from both swab and medium A direct examination of the 
sw ab, after makmg tbe culture, may gi\ e information about the 
presence of other bacteria, for example, the prevalence of 
Vincent s organisms, but can on]} be tentative in the diagnosis 
of diphtheria 

B anthracjs (Plate VII ) Anthrax infections m man are 
extremely rare and occur in tito mam forms Tbe more usual 
variety is a local infection of the skm, arismg among hide 
porters and workers, and known as the malignant pustule 
With treatment the prognosis m this form is good Treatment 
by serum has largely replaced that of excision, and the serum 
most commonly used is Selavo’s, which is obtamed by the 
immunisation of asses to the bacillus The mortality of 
serum treated ca«ea is under 5 per cent The other variety 
is knorni as wool sorters’ disease, and in this the local infection 
IS in a bronchus extension taking place through the bronchial 
glands This form is almost invariably fatal In films made 
from the clear fiutd of tbe bleb of a malignant pustule occasional 
pus cells are found, and large numbers of long, stout baoilU. 
with sharply cut ends, are seen The piajonty of the bacilli 
are arranged m long chains, each chain being contained within 
a delicate capsule In films made from old cultures the great 
majority of the bacdh are seen to contain centra} spores , not 
infrequently spores only are found and no bacilli Tlie 
bacillus grows readily on all the ordmary culture media, the 
most characteristic growths being found on agar plates and 
in gelatm stabs On agar plates the colonies examined with 
a magiufying glass appear like nreathed cods of hair, an 
appearance produced by the long tiMsted strands of bacilli 
In gelatm stab cultures groivth occurs along the lino of the 
stab and branches out from this in spokes radiatmg into the 
medium The spikes nearest the surface are the longest, so 
that the growth looks hke an mveited fir tree Liquefaction 
of the gelatm begms at the surface on about the second day of 
the grow th 

The organism is non motile, an important point of distuietion 
from non pathogenic spore bearing bacilli Toxm formation 
by the anthrax bacillus is possible but not proven 

The recognition of the anthrax bacillus in the fluid from a 
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malignant pustule is easy, but m sputum, and particularly in 
suspected articles such as shaving bruslies diagnosis is difficult 
because of the common distribution of non pathogenic bacteria 
of similar appearance A test for pathogenicity should always 
be made by injecting a culture into the leg of a guinea pig Tte 
animal is highly susceptible and dies in about 3 dajs uith a 
general septicjeraia and a gelatmous oedema, spreading from the 
site of inoculation 

B subtiUs {hay bacillus) is one of a group of bacilli whose 
chief importance in chmcal pathology is their frequent occur 
rence as contammants in culture media The bacilh are 
sluggishlj motile and have central spores but no capsules 
They liquefj gelatm slowlj render litmus milk alkalme and 
form a tough pelhcle on the surface of broth tubes 

The Clostridia form a group of anaerobic spore bearing baciUi 
with pow erful extra cellular tovins All are fa*cal contammants 
of the soil 

The tetanus bacillus (Plate VII ) Tetanus bacilli when 
grow mg m the tissues commonly have fen if any, spore bearing 
forms On artificial media the majority of the bacilli contam 
spores The bacillus under these conditions is comparatively 
slender and the delicate rounded spore is situated at one 
extiemit) Other spores are seen lying free among the baoilU 
The bacillus is motile and is provided with fiagella The tetanus 
bacillus usually maintains its existence at the depths of septic 
wounds and for this reason is difficult to identify and isolate 
One method of isolation presumes the existence of spores which 
are very resistant to heat and on this supposition a senes of 
melted agar tubes are inoculated at varying temperatures 
in the hope that other organisms will be destroyed and the 
tetanus spores survive Fildes’ method takes advantage of the 
habit of the bacillus to form a rapidly spreadmg film In this 
method the local lesion is if possible excised placed m a 
mixed beef medium and incubated for 3 days, the culture is 
then hsiateii Ifxr Jbnnra at- C ts> dnstroy aarxdifis ^jdxJ jjd 
particular B proievs and a drop is transferred to the bottom 
of a well-dried sloped tube of mfiuenza medium After 24 
hours’ incubation a film growth will have spread up the medium 
from w hich the tetanus bacilh can be picked off in pure culture 
All culture tubes must be grown imder stnctly anaerobic 
conditions In agar and gelatm stab cultures the bacillus sends 
radiating spikes mto the media and the gelatm is slowly 
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liquefied Such cultivation of a bacillus v. ith terminal spores 
IS extremelj suggests e of the tetanus organism the positive 
proof however rests with animal inoculation Subcutaneous 
inoculation of the bacilli into a mouse produces tetanic spasms 
in 24 hours and death m 3 da}s The tetanus tovm is an 
extremelj powerful one and like the ibphtheria toxm is 
extra celluhr 

B botulinus re'semblcs the tetanus bacillus in that it ha» 
little local action on the ti&sues but produces a poiverful extra 
cellular fo\in u ith an affinity Ibr the ner\ ous 8\ stem Further 
It IS flagellated produces terminal or sub terminal spores 
liquefies gelatin forms gas and is a stnct anaerobe The 
bacillus IS an important food poi‘5onmg agent and numerous 
cases in other countries have followed the ingestion of tinned 
meats olives or a egetables though epidemics m Great Britain 
are almost imknown T1 e action of the toxui is upon the 
medulla and is apparent within a fen hours of taking the 
infected food 

B ^Velchu (5 cerogenes capsuhlus) is pre ent m cultivated 
soils and m f-eces and is the most important organism m the 
production of gas g-ingrene of infected wounds It is ^ large 
stout pleomorphic bacillus uitb subterminal spores in culture 
media and a uell marked capsule m the tissues The bacillus 
grows readUj ontheordmarj media under anaerobic conditions 
it clots milk and breaks up the clot the formation of gas 
bubbles sugars are activel> fermented with abundant gas 
production gelatin ls liquefied 

It IS non motde and hiemoJj tic 

B cedematiens is an important cau'se of gas gangrei e and 
produces a powerful toxm to which an antitoxin can t)e pre 
pared Both toxin and antitoxin are distinct from thoae 
associated with T ifcrjon septique B cedematiens produces a 
turbiditj in glucose broth w hich clears after a daj or two w ith 
the deposit of a floccuJent ma^ at the bottom of the tube 
Gelatm is not hquefied 

B septique (uhno/i fepltqiie B adematvs mahgni) i a 
common cause of gas gangrene The bacilli are more slender 
than the foregoing and sometimes curved The spores are 
oval and sub terminal Abundant gas is produced in culture 
gelatin is hquefied 

B chauvcBi is the cause of black leg in cattle and Ie«s often 
in sheep It is not pathogenic to man 
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pniluenza /require X and 
Hcemopkilua < Koch Weeks \ V factors 
^Pertussis — V not required 


Moras Axenfeld f Minute 
Ducrez ^ cols on 

Ttachoma ^_b\ood agar 


{ Kleiitensis /alotr growth 

Abortus I on agar 

Tularenais — special media> 

4a Do not liquefy gelatin 


Paratyphoid A 
I Pardt3qihoid B 


S t lexnet 

l^vw’x yz 

® [Morgan 
Frieulander 
Acidi lactici 
Fncahs slcaligenes 
Coll 


— Acid 

— Acid 

— Acid 

t ± Acid 
i — Acid gas 
t Acid gas Acid gas ^ 
t 4cid gas Acid gas ^ 


4b Liquefy gelatin 6 

Proteua — Proteus r«ir»o — cholera 

Paeudomonas — Pyot yaneus P/tifftrella — Alallei 

Pasleurella — 'Pestis 
Bartonella — bacilliformis 

The pathogenic Gram negative bacilli are represented in a 
number of genera and differ widely from each other in their 
morphology and in their cultural and pathogenic actions 
They are here divided into a number of different groups, m most 
of which the members have obvious relationships, but the 
classification of some Gram n^ative bacilli is still uncertain 
Here and throughout this chapter the American classification 
and nomenclature are indicated though not stnctlj adhered to 

Group 1 

This group consists of three members, all of which are 
minute bacilh, sometimes mcluded with the members of the 
follow mg group in the genus hsemophilus, a name which should 
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properlj include only the first tno members here described 
namelj B tnfluemce and B Koch Weeks 
B influenzae {Pfeijfer's bactflus) {Plate VU ) In films made 
from the sputum the baeilli appear as tinj rods, often m clumps 
of considerable size, and nwnj of them are found wjthm the 
pbigocjtes The organisms are present also m many of the 
complications of mfluenza, and maj be obtained m pure 
culture from empyema pus and from joint flmds Purulent 
spmal flmds containing influenza baciJh in large numbers are 
occasionally met rvith and are most frequently derived from 
young children The associated condition is nearly always 
fatal The organisms in these flmds are commonh 
pleomorphic and very long undulant fonns are present The 
mfluenza bacillus will not grovr upon ordinary media but 
requires two grow th substances, both of which are present in 
blood Of these substances the “ X factor ’ is heat stable 
and associated with hremoglobm the “ V factor ” is heat labile 
and present in red cells and in yeast JTeariy all known 
bacteria are capable of elaborating the V factor during grow th , 
the mfluenza and the Koch Weeks baeilb require the V factor to 
be supplied to them The influenza bicillus w ill therefore grow 
on agar to which £re<h blood has been added or on a h-eniatm 
contammg medium m symbiosis with other bictcna to supply 
the V factor Bacilh of similar appearance, which, unlike the 
influenza bacilli are hiemolytic and require the V but not the 
X factor are sometimes met with and are probably non 
pathogenic A simple medium for the grow th of the influenza 
bacillus IS an agar slope streaked w ith fresh blood on w hich the 
colonies are leiy small and yery translucent, being only just 
visible to the naked eye A better medium is that of Fildes 
(p 251 ) and the isolation of the organism from a mixed source, 
such as the sputum is best attempted on plate cultures of this 
medium The relationship of the bacdlus to epidenuc influenza 
is Btili m dispute The transmission of a febrile state to human 
volunteers by means of haefena five filtrates of mouth and nose 
washmgs from mfluenza casesand the transference to ferrets {the 
only animal so far discovered to be susceptible) of a fever of con 
stant ty pe with similar material points to a virus as the eau^a 
tire agent of the epidemic and the baciUiisasasecondary mi ador 
This conception is in close anal<^ mth smne influenza, the 
virus of which produces a mild disease, but when associated 
with an mfluenza organism a serious and often fatal one In 
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the human epidemic it is probable that the influenza bacillus 
not the only secondary invader Bmce streptococcal pnoumo 
coccal and staphylococcal complications are frequently met 
with 

Koch Weeks bacillus This bacillus is by far the most 
common cause of acute contagious conjunctivitis The 
organisms are identical in appearance w ith the influenza 
bacillus and are found in large numbers m films made from 
the conjunctival discharge The cultural properties of the 
bacillus ate those of Pfeiffers organism and there are no 
bactenological methods of distinguishing between the two 
bacteria 

B pertussis A great variety of organisms have been 
descnbed as the essential cause of pertussis The bacillus 
referred to here is that isolated by Bordet and Gengou and 
considered by them to be the causative organism The 
bacillus which is found in considerable numbers in the sputum 
m the early stages of w hooping cough is a minute one closely 
resembling the influenza bacillus but m culture has less ten 
dency to produce mvolution forms and on sub culture grows 
more abundantly The organism grows well on blood agar but 
the presence of hasmoglobin w not essential and in sub culture 
growth takes place in the absence of both X and V factors 
The bacillus is agglutmated by the sera of convalescent cases 
and complement fixation tests are positive Isolation of the 
organism m plate cultures of the sputum m the diagnosis of the 
disease and the use of vaccines both in prophylaxis and treat 
ment are procedures to which more value has been attachetl 
on the Continent than m England 


Group 2 

In this group are three unclassified bacteria all of w hich have 
some cultural or morphological resemblance to the members of 
the preceding group 

The Morax Axenfeld bacillus is the cause of diplo bacillary 
or angular conjunctivitis and may be recognised in the con 
junctival discharge as a fairly large stout bacillus w ith rounded 
ends mainly m pairs but also in short chains It grows in 
small translucent colonies on serum or ascitic agar 

Ducrez s bacillus is the cause of the soft chancre and in the 
discharge is found as a minute bacillus in pairs and short chains 
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It IS grown ith difficultj from the tissues but can be cultivated 
on ribfait blood agar 

Trachoma A minute bacillus was cultivated b} ^oguchl 
from c-i'e*? of tnchoma and considered bv him to be the cause of 
the tljcease The organism can be grown on blood agar and 
cultures inoculated into monlcjs Iiare produced trachoma hie 
le'sjons The rehtionship of the b^ialhis to the ch etse is still 
sub judtce 

Group 3 

The third group of Gram negative bacilli is reprc'Cnted by 
three bacteria of a erj similar morphologj Tliev are minute 
non motile organisms presenting eoccoul and bacilhrj forms 
AJ] produce di«easos m •unmais and are o;dt incjdentilh 
comevecl from them to man 

Br melitensis Ibis bacillus was shown b\ Bruce to he the 
causative organism of Malta fever and to be convened to man 
bj the drmkmg of goat s milk Tlie di«ease in man once v erv 
prevalent in the Mediterranean has been almost eliminated 
It IS a long-continued remittent fever accompamed bj jomt 
pains and splenic enlargement The organism gnoivs upon 
the ordxnan media but slowlv and on agar slopes the email 
translucent colomes take some 2 or 3 dava to develop Growth 
IS more abundant on glucose agarand is l>e«t maintained on this 
medium Milk is not acidified and there is no hquefiction of 
gelatin Cultures of the organism are notoriously infective to 
laboratory workers The bacillus is readilv grown from the 
nulk of the earner go its from blootl cuJtmes m human cases 
and is intemiittentH present in the urine Agglutinins appear 
in the blood tow arcl* the end of the fir=t w eek of the fev er and 
commonly reach a v erv lugh titre 

Br abortus produces epidemic abortion in cattle and i* 
excreted in the milk It Las been provetl to be the causative 
agent in numerous ca^^es of undulaut fever m man m all 
countries and m particular in ninl di'^tricts where non 
pasteurised milk i» drunk Human beings are more resistant 
toinfection by thisorgani mthantoBr inehtensis Br nborliis 
cannot be distinguished on morphological grounds from Br 
mebtensxs and its cultural behaviour la very similar It is 
nearly always e=isential however to incubate the pnmin 
culture of Br abortus m a partial atmosphere of CO, {i» 
mcrease of 10 per cent by n^iime) but after several -ub 
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cultures the organism will grow in atmospheric air The 
addition of gentian violet to the merlium m a concentration of 
1 m 50 000 will usually inhibit abortus and not raelitensis In 
cases of infection the orgamsm can be grow n from the blood 
often up to a late period and agglutinins reach a high titre 
In brucella infections occasional cases are met with in which 
agglutinins are absent and some strains of the organisms 
agglutinate with normal sera The agglutination reaction is 
however of the greatest value m the common diagnosis of 
fevers due to all members of this group but of little help m 
differentiating between them since cross agglutination is the 
nile and in the cases of Br meldemttaxtdBr oior/tw absorption 
tests indicate a varietj of strains of both organisms rather than 
a separation of tw o specific types The somewhat inconstant 
differences between meiitensis and abortus suggest that the 
two bacteria are modified from a common stock b> passage 
through different animals 

Bt tulaxensis (Bacterium tiifarense) was first recognised as the 
cause of epidemic disease among ground squirrels and jack 
rabbits in the Lnited States It has been discovered since m 
other rodents and m game birds and m many partsof the world 
The infection is convened to man by inoculation as in pre 
paring a rabbit for cooking or bj insect bites The condition 
m man is known as tularaemia and rims a course like that of 
abortus infections but with the frequent addition of a local 
septic condition at the site of inoculation Br iularensts is 
identical m appearance with the other members of this group 
but will not grow on simple media It can be cultivated on an 
egg j oik medium or on rabbit blood glucose agar to which 
0 1 per cent of cjstme has been added The organism is not 
easily isolated from human cases and diagnosis usually rests 
upon the high agglutination titre of the sera The classification 
of Br iularensts is not jet determined but its morphological 
and serological affinitj to the brucella group is close 

Group 4a 

The fourth group of Gramn^ntive bacilli comprises a 
considerable varietj of organisms all of w hich grow readily m 
simple media in rod shaped forms of like appearance The 
group can be divided on the basis of one important cultural 
characteristic naiuelj the manner of growth on gelatm Tlie 
bacilli of the first div ision include all the important organisms 



118 


BACTERIA 


of the coh tjphoid group and do not liquefy gelatin The 
hacjJIi of the second di\ ision are of less pathological sigmHcance 
and all liquefy gehtm Group 4a contains the tjphoid and 
pantjphoid bacilli the foo<l poisoning bacilli the djsenter} 
bacilli and the colon bacilli They are classified m the genii 
bacterium 

B typhosus (Bacttrum typhoium) The typhoid bacillus is 
m actnely motile organism provided uith numerous flagella 
Rapid growth is readily obtained on all the usual cultural 
media The more important cultural characters are the 
follow mg On agar slopes a grow th is produced which is rather 
more translucent and has less tendency to lateral spread than 
m the case of the colon bacillus In broth a general turbidity 
IS produced but no indole In htmus milk a fauit acid reaction 
is set up but no clotting takes place Ao gas is produced m 
tiny of the htmus carbohydrate media but litmus dextroso is 
icidified Iscutral red broth is unchanged \ellow colonies 
are produced on JlacConkey s neutral red bile salt lactose agar 
medium and the surrounding medium subsequently turns 
yellow Identification of the bacillus rests m the first place 
upon Its motility and cultural characters but finally upon its 
agglutination reactions The serological behaviour of the 
ty phoid bacillus is very constant and it is rarely necessary to 
carry out absorption tests A motile bacillus recovered from 
the boda which has the proper cultural character* and is 
agglutmatcrl to titre by an antityphoid serum may be regarded 
as the typhoid bacillus and in cases of doubt the hicilh cm be 
show n to remove the agglutinins from the serum after absorp 
tion Occasionally a typhoid bacillus freshly isolatetl is not 
agglutinated but usually becomes agglutinable on sub 
cultivation (See also p 175) 

Typhoid feaer is spread either by ilirect contact such as 
may occur m nursing a patient or more commonly through 
the intermediary of a earner or by an infected water 
supply Tiie disease is in the Tnutanue u general Mtari 
infection and the baciJh may be readily isolated from the 
blood m the first week of the disease and during a relapse 
Later the bacilli are found m the fieces and less commonly m 
the urine The bacilluna which may complicate the late stage? 
of typhoid fever is usually set up by the colon bacillus and 
far less cominonh by the typhoid bacillus The bacilli may 
be obtained from the gaU bladder many yeara after the attack 
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and are present in the bone abscesses -winch may follow the 
attack The bacilli may persist in the feces, and less com 
monlj m the urine many j ears after the primary infection and 
M ithout mjurj to the host Persons thus infected are kno^vn 
as ‘ typhoid earners ” and are a source of grave danger to the 
community 

The laboratory diagnosis of tjphoid fe\er can be made 
in the first aeek of the disease by means of a blood culture 
A few cubic centimetres of blood are taken into broth or 
mto ox bile incubated for 12 hours and plated out on 
MacConkej’s medium The yellow colonies are then picked 
off and tested culturally and by the serum reaction At the 
begmmng of the second week the Grunbaum Widal test 
becomes positive m the patients serum and the bacilli may be 
isolated from the feces 

Prophylactic inoculation against typhoid fever with dead 
cultures of tho bacilli is advisable given to those compelled to 
live m countnes where the disease is rife Tlie vaccine 
employed is preferably a mixed one containing typhoid with 
the paratyplioitl A and B bacilli (p 206) Persons thus 
mooulated should not abate the customary precautions taken 
w ith regard to their water supply since they are not necessarily 
immune against a heavy infection 

B paratyphosus The paratyphoid bacilli form a group of 
closely allied organisms which can be recognised generally by 
their cultural characters specifically only by agglutmation 
tests The name Salmonella is commonly given to the group 
Four members are mentioned here — B paratyphosus A , 
B paratyphosus B B aertrycL , B ententidis (Gaertner) The 
first tw o bacilli produce a disease w hich cannot be distinguished 
on clinical grounds from typhoid fever Paratyphoid infections, 
however, commonly run a milder course than ty’phoid, are 
perhaps more contagious, are to be suspected when patients 
apparently suffering from typhoid fail to give positive Widal 
reactions, and are definitely diagnosed on the agglutination 
tests with the appropriate bacilli and on the isolation of the 
organisms from the blood or feces The paratyphoid B 
bacillus 13 the organism most commonly met with m this 
country and the A bacillus m India but after the war more 
numerous mfections by paratyphoid A occurred in England 
B aertrych {B 8mpest%fer)a.'ndLB ententtdis (Gaertner) are com- 
monly associated with meat poisoning epidemics, and produce 
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a di'<e'\«e an incnbation penod of a few hours followed 
bj ncute gistro mtestmii symptoms of comparatneh short 
duratjon 

The orcanisms as a group have the following cultural 
characters Acid and gas are produced from dextrose and 
mannite Lactose is uncfaan^ Ivo indole is formed 
Litmus milk becomes acid in the 6rst 24 hours and then 
strongly alkaline Aeutral red broth is turned lellow 
B paratyphosu^ A differs from the other members of the group 
m its behaviour m litmus milk m which it produces a permanent 
aciditj but no clot 

The bacilli can be differentiated one from the other by 
aeglutination reactions but in the case of B aerlrpel and 
B paratyphosu^ B oiilj bj carefully performed ab«orption 
testa with standard <era on the Imes mdicated in a subsequent 
chapter (p 170) Suspected cases of tj-phoid fe%er which give 
jji their «era negati'e or partial agglutination reactions wath 
B iyphosua should be tested upon known cultures of B para 
tjjhosua B and A The three infections are suffioientlr 
common and sinular to warrant the testing of all ^iisjiected 
febrile cases against each of the three bacilli as a routine 
procedure The pant\phoid bacilli are found in the blood 
and in the ficces in the same manner as are the t}’phoid bacilli 
Cases of acute food poisoning should m the later stages of 
infection be tested for agglutinins against Gaertners baciIJu’ 
and B aerirycL and the oiganisms sought for in the hlood or 
fieces lU the acute stage as well ns in the suspected food 

B dysenteriae Tlie dvsentery bacilli form a group of 
clo«elj allied and w idelj spread <wgani«ms of which the mam 
varieties are the B dysenlertce of Shiga and the B dy cn/erue 
of Flexner These oigani'«ins are the causes of bacillarv 
d\'«enterj such as is met with m tropical and m temperate 
climates Thej are aLo associated with some forms of 
ulcerative colitis m tlua country and have been found in out 
bvevks of asylum, and. other varieties of dvsenten as well as in 
epidemics of infantile enteritis 

The bacilli are non motiie and do not appear to be provided 
with flagella Their chief cultural cUaracters are as follows 
h«o gas IS produced m any of the carbohy drafe metln Litmus 
glucose broth is acidified and lactose is unchanged Litmus 
manmte broth IS acidified by the FJevner organism but not I v 
the Shiga bacillus Tndole is formed by the Flexner t\ pe only 
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Milk IS rendered first acid and then alkal ne I«eutral red broth 
IS unchanged The Shiga bacillus in cultures produces a 
soluble toxin uhich causes paral 3 si 8 and death in rabbits 
Filtrates of B Flexner cultures are not to\ic 
The Flexner group of djsentery bacilli can be further dn ided 
serologicallj into 5 groups labelled v w x } z which are 
agglutinated to titre by their appropriate sera but give rise to 
considerable cross agglutination between the groups 

S Morgan ^o 1 is an actively motile bacillus which forms 
indole in peptone broth and ferments dextrose w ith slight gas 
production Morgan s bacillus appears to be associated w ith 
some djsentenc outbreaks and with infantile diarrhoea 

Sonne’s bacillus is non motile acidifies glucose nnnmte and 
sometimes lactose acitbfies and clots mill and produces no 
mdole It appears to be a not infrequent cause of d> senterj 
In suspected ea^es of dj^^enterj the bacilli should be sought 
for m the stools and the patient s serum should be tested by 
ordinary agglutination methods upon the bacilli isolated and 
upon known strains of djsenterj bacilh In a positive serum 
reaction the bacilli are agglutinated somewhat slowly in 
dilutions of the serum up to 1 in 50 but the reaction is rarely 
complete before the tw elfth da^ of the disease 

B coll communis (Plate VIII ) The colon bacillus like 
other members of this group has certain typical characters but 
occasional varieties are met w ith presenting differences of minor 
importance The tjpical bacillus onlj will be con'Jidered 
here 

The colon bacillus has few flagella and is only sluggishly 
motile though activ e strains are occasionally met w ith The 
organism can be identified by its cultural characters never 
from its morphological appearances alone The mam cultural 
reactions are as follows Acid and gas are produced m the 
great majoritj of the carbohydrate media including dextrose 
lactose and mannite Indole is formed in broth ILlk is 
acidified and clotted On agar slopes a thick greyish white 
streak is formed with spreadmg edge*? on agar plates large 
circular colonies appear with heaped up centres and crenated 
maigins (The appearances on solid media are almost identical 
for all members of the colitjphoid group except that the 
typhoid growth is shghtly more delicate while the other 
oigamsms occupy an intermediate position ) The colour of 
neutral red broth is changed to a canary yellow , and a green 
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fluorescence is produced m the medium Bed eoJoiues ere 
formed on MacConkey s bile salt medium 
The colon faacUIus is a normal inhabitant of the large mtes 
tine but m abnormal sjtnations it produces suppuration and 
disease The more important affections associated inth this 
organism are those connected «ith mtestinal le«ions a** for 
ecampfe the general pentonitis which foflmrs a perforated 
appendix The colon bacillus frequently gams entrj into the 
imnan tract particularh of females n here it mav he latent 
producing no s^Tnptoms or ^la^ gire nse to severe suppurative 
nephritis pjehtis or cvstjtis The bacillus is al >0 found 
m diseased proce'^ses in the gall bladder (often in association 
with calcuh) m the bile passages and m numerous other parts 
of the bodj It has been l^olated in pure culture from the 
cerebro spmal canal From an> situation m uhich colon 
baciUi are producing infection the organisms may enter the 
blood in sufficient numbers to be ea«iJi defected m cultures 
Such entij is usualli accompanied by a ngor and after a few" 
hours the blood is again stenie 
The pus m which the colon bacillus is found is frequently 
most offensive owing to the fact that since the«e legions are 
eo often m communication 'nth the gastro mte^tmal tract 
there are pre ent m addition to the colon bacilh certain long 
thm dehcste sapropbrtio biciUi nbicb norwalli inhabit this 
tract and are capable of producing the ma^t virulent odour 
Serum reactions with the bacillus are unsati«factor\ suite 
an appreciable increase in a^Iutinm not eommonh present 
and the sera of mfected persons rarelv agglutmate the bacillus 
m dilutions of more than 1 m 10 

In the examination of unne infected uotmds and partiealarlr 
of fieces baciUi of atypical cultural characters are frequently 
encountered 'WTuIemanj ofthe«e atypical bacilh are in reaht' 
mixed strains due to imperfect methods of isolation the number 
of bacilh of the cob typhoidgroup to 'vhich specific names have 
been given is verj large and mentKm can be made ol s fen onli 
B coh anaerogenes re<¥mWes the t 3 pIioid bacillus more 
clo=eh than the colon bacillus m that it does not produce ga® 

It differs from the t'-phoid bacillus by its agglutmation reaction 
and m acidifjmg lactose 

B acidi lactici closelv resembles £ coh in its cultural 
characters and is one of a group of bacteria concerned m the 
sounng of milk Another named organism of the same ck<s 
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IS the bacillus lacHs aerogcnes which differs from the first named 
in fermenting saccharose 

B Friedlander (Friedlander s pneuino bacillus) has been 
Isolated from ranons lesions and is a rare agent m the pro 
duction of pneumonia In its general cultural cJiaracters the 
orgamsm closely resembles B coh but differs from it in being 
capsulated and in its sticky mucoid growth on solid media 
The capsule contains a polysaccharide u Inch differs in different 
types of the organism as is the case w ith the types of pneumo 
cocci One type of B Friedlander is immunologicnllj similar 
to Tjpe II pneumococcus 

B feecalis alcaligenes is a frequent inhabitant of the intestinal 
tract and is a rare cause of infection in other parts of the body 
Its cultural characters closel> approach those of the tj phoid 
bacillus but it produces a characteristic and strong alkalme 
reaction m litmus milk and can readily be distinguished 
serological means 

Lastly organisms closely resembling the paratyphoid group 
m their cultural characters but readily differentiated by 
agglutination tests are frequently met ^ith m the routine 
bacteriological examination of urine and feces 

IsOTE The student is scarcely expected to remember m 
detail the various cultural characters of the organisms m this 
group (Group 4a) He should however remember the mam 
distinctions betw een the typhoid and colon bacilli A reference 
to the bacteriological table affords a simple guide to these 
characters The bacilli are placed from abo\e downwards 
\ery approximately m order of their virulence their specificity 
and their properties of producing a^Iutinins The cultural 
characters proceed in the opposite direction thus the colon 
bacillus alters almost every medium in the greatest possible 
manner the typhoid bacillus has the least effect upon the 
media and the other organisms occupy an approximately 
intermediate position 

Group 4b 

This group contains two bacilli which usually lead a sapro 
phytic existence but may on occasion either alone or mort 
commonly in association with other bacteria produce disease 

B proteus {B jiroteus vulgarxa) This name is given to a 
number of elo'^ely allied organisms identical m appearance with 
the colon bacillus They are actively motile and on solid media 
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tend to “ipread in i thin film over the surfice Tbei produce 
acid and gas ui dextrose but do not cliange lactose and 
mannite Litmus milk is clotted b> some strains and not b\ 
others the litmus is reduced Indole formation is not 
constant B pro/cj« is commonlv found m the feces and in 
the urine In septic infections of the unnar\ tract the 
organism ma^ be reco\er«l in pure culture or more commonlv 
in association u ith the colon bicillus Tlie presence of B 
proteus in a carefullj taken catheter specimen of unne is 
suggest^^e of some underlying organic lesion such as tuber 
culosis malignant di^ea^e or calculus smce a primary infection 
uith this organism unlike a primar; infection bt the colon 
bacillus la moat unusual 

The relationship of proteus \ JO to ta'plnio and the nckctf«iai 
IS ib«icu‘:sed el'euherc (p 142) 

B pyocyaneus Thu is an actuch motile bacillus with n 
tendenca to spontaneous a^Iiitmation in hanging-drop 
preparations ^le oigamsra is readily recognised m ciilliires 
by the blue green pigment which it produces and which 
diffuses out into tlie medium Tlie pigment consists of two 
substances one of winch i» soluble m chloroform and bright 
blue m colour Acid and gas are produced in the majontv of 
the carbohydrate media 

B pyoajaneu^ most frequenth occurs ns a secondary invader 
often in association with lesions connected with the intestinal 
tract as in i«chio rectal abscess or in general peritomti sccon 
darv to a gangrenous appendix Tlie bacillus ma\ al o be 
associated wath cerebral absee s a spreading cellulitis ofalocal 
abscess The pus in these infections is of 8 blue colour The 
lesions associated with B pyocyaMxti are often somewliat 
mtractable and a general pentonitis accompanied by this 
bacillus IS almost invanabU fatal On the other hand intract 
able wounds mav for the first time begin to heal after a 
cecondan infection by B pyocyanevs has taken pnee After 
inoculation into the pentoneal cavitv of a guinea pig a \ irulent 
and rapidh fatal peritonitis followa* 

Group o 

Under this beading 13 considered a variety of bacteria many 
of great pathogenic importance which bear little or no relation 
ship to each other but which cannot reasonably be attachei 
to any of the foregoing groujis 
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V. cholerae {comma bacillus) (Plate VIII ) The vibrios are 
short, curved, flagellated and motile organisms, most of which 
are non pathogenic The comma shape in freshly isolated 
cultures is striking and the o^anisras tend to lie with their 
long axes in the same direction In older cultures stunted and 
bacillary forms occur The cholera vibrio grows readily on 
all the ordinary media, and on gelatin plate cultures, before 
liquefaction has become advanced, form irregular granular 
colonies like “ fragments of broken glass ” In broth a pellicle 
13 produced on the surface of the medium and both indole and 
nitrites are formed from the peptone, so that a pink colour (the 
cholera red reaction) appears on addition of a few drops of pure 
sulphuric acid Litmus niillk is uncJianged The differentia 
tion of the organism from other vibrios must be completed by 
the agglutination reaction or Pfeiffer’s test (p 388) 

In the human body the bacteria are confined to the intestine, 
and m the acute cases the watery stools appear to form an 
almost pure culture of the organism Numerous other varieties 
of spirilla ha\e been described, and are of particular interest 
m that they may be mistaken for the cholera vibrio Metchni 
koff has recorded a similar vibrio found in the intestines of 
fow Is dead of gastro enteritis Finklcr and Prior described 
another present in infantile diarrhcea Vibrios distinct from 
the cholera spirillum ha\e been found also in the mouth, and 
in the water supply of numerous towns It is evident, there* 
fore, that considerable caution should be exercised in the 
identification of the genuine vibrio, particularly m the absence 
of an epidemic 

B. mallei {Pfeifferelh mallet) The bacillus of glanders 
mainly affects horses, and verj exceptionally produces disease 
in man Infection in man starts from a local abrasion on the 
skin or the nasal mucous membrane and spreads by the 
lymphatics, giving rise to an acute or chronic p^ scmic condition. 
With secondary abscesses in the tissue, lungs, or joints The 
Iiai-jJJj are idendej-, niryed jndfV- fJaiiuD|f and often jn a 

beaded manner, with the ordinary dyes In film preparations 
they are mainly extracellular The organisni grows on the 
ordinary media, but somewhat slowly On agar and blood 
serum growth appears as a shiny, greyj'sh streak in two days 
On potato a membranous growth is formed, which by the 
eighth day becomes a reddish brown colour Inoculation into 
the abdominal cavity of a male guinea pig is followed bj 
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peritonitis sw elhng of the testicles, and a purulent exudate 
into the tunica \aginahs The appearance and staimng 
reactions of the organism the growth on potato and the effect 
of inoculation into a guinea pig should all beinaestigated before 
making a diagnosis 

B pestis (Pasteurella j)estts) (Plate MU) The plague 
bacillus is one of a small group of bactena, of which pewits 
produces plague in man, aitsephca hremorrhagic septicemia m 
fouls and pseudoiubercuJosis a disease of rodents All are 
closely connected, and although distinction can usualjj be made 
on serological grounds mth lou titre sera, there is considerable 
cross agglutination The chief cultural distinctions between 
pestis and pseudotuberculosis are the production of alkalmitv 
m litmus milk motility in broth culture and the lack of patio 
gemcitj for white rats with the latter oigantsm Pestis is 
non motile produces no change in milk and « highly patho 
genic to white rats The bacillus of plague is maml) spread to 
man from the rat b} the intermedian of the rat flea Tie 
disease in man is of three mam tj^ies— the bubonic, m which 
the lymphatic ghnds are affected, the pulnionarv uhici 
almost mranabl) terminates in a fatal scpticsnua and the 
eepticsmic Tlie baciiii are found in large numbers in films 
made from gland pus or sputum, and stain deepl) at each 
end and faintly m the centre, each bacillus having the appear / 
ance of a cliploeoccus This polar staimng is best seen if tie 
films are first fixed m absolute alcohol £ pestu grows on the 
ordinary media forming a poor, grej ish yellow grow th on agar 
Gelatin is not hquefied Broth shows a granular de^»^It and 
the bacillus groivs m chains The disease can be reproduced 
in mice and guinea pigs bj moculation 

Bartonella bacilliformis is a small bacillus found withm the 
red cells m cases of the Oroya fever of Peru, and is abo the 
cau'je of the chrome skin condition verruffn peruvtam It is a 
motile organism and can be cultivated on scrum haemoglobin 
agarmediura B jnurisraffi.asinularmtra corpuscular bacillus 
occurs in rats and maj not affect the rats unless tie spleen w 
removed when the bacilh inrade the red cells and produce 

anaemia £ camsisthecauseofaninfectiousanremiaofdogs 
Bacillus prodigiosus (CAromodactenum prcxlifposum) is one 
of a considerable group of pigment prodiiemg bactena It « 
non pathogemc but ii. of importance becau«e of its wade 
distribution in water and air, and in consequence its appearance 


B PRODIGIOSUS 


127 


as a contaminant in cultures Also, because of its small size, 
the polished bright red colour of its colonies on agar and its 
harmless character, ^rodj^ioatts is commonly used as a test 
organism for the permeabihtj of bacterial filters and for leak- 
ages in water systems 
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SPIROCHiETES— FILTERABLE VIRUSES— 
RICKETTSI/E 
THE SPIROCHiETES 

The spirochTtes form a considerable grotip of organi«ms 
w hich are generally considered to be more closely related to the 
bacteria than to the protozoa They are spiral flexible and 
motile but not flagellated organisms and thea multiply b^ 
transverse dmsion The majority are difficult to culture and 
some are so thm as almost to pass the limits of micro'copic 
ausion and to traverse bacterial filters The spirocbttes of 
importance in human pathologj are conveniently dmded into 
three mam groups— the saprophx tic, the blood and the twue 
spirochetes 

T^le VI 


•^proptiji t 

tllood *pltod»tr» 

IlMoe •plwb'flfu. 

S buccalii 

S recurrently (relapsing 

S paUula (syphilis) 

S tiwefi/i 

fever) , 

S peiienuislyayrs) 

S deiitium 

S rfii/foni (African tick 

S xclerohcemorrhagtif 

iS re/rtgeiu 

fei er) 

(Infectious jiumhee) 
S minus (rat bite 
fever) 


Saprophytic spirochstes Hanj spirochaetes under niani 
different names hare been described in the mouth the lung' 
the intestinal tract and in the genitalia All so far as tliei 
can be identified raamtam an existence in the absence of 
disease and tend to inultipU greatly in the presence of mflam 
mation Tlie influence of the spirochietes upon the tissues and 
the associated bacteria in septic conditions is not knonn 
S buccohs IS a largo and somewhat coarse spirocba?te with 
irregular spirals found m the mouth and in the sputum It 
ma\ be present in large numbers in the pus from bronchiectafic 
cantie*’ and is often associated with a fusiform bacillus 
1*8 




BLOOD SPIROCHETES 120 

Bronchial spirochaetosis haa been ■widely written of as a distinct 
infection but the evidence is far from conclusive 

S tiiicmii (Plate \ III ) is an organism similar in appearance 
to and possibly identical with S bttccaha It has been culti 
\ated on serum agar under anaerobic conditions It is com 
monly associated with the fusiform bacillus of Vincent a coarse 
Gram negative bacillus with thickened centre The bacillus 
13 a strict anaerobe and more easily grown in symbiosis The 
association of the spirochsetes and the bacilli is probably 
symbiotic and not as has been claimed a difference of develop 
mental stage in the same organism Vincent s organisms stain 
with simple dj es and can be found m any buccal cavity if looked 
for in direct smears In septic conditions they maj mcrease 
enormously and m some forms of ulcerative stomatitis or 
tonsillitis particularly m children may form a thick network 
in the film made from a swab The clinical condition is known 
as Vincent s angina but since streptococci and other pyogenic 
bacteria can nearly al« ay's be recovered from these ulcerative 
and gangrenous lesions and since Vincent s organisms are so 
umversally distributed it is doubtful if the spirochsetes and 
fusiform bacilli are more than secondary m\aders 

S dtnUum is a >ery delicate spirocbscte often with 8 or 
more fairly regular spirab It is commonly found m the 
mouth 

S refrtngens is a spirochajte of the genitalia and chiefly of 
importance because it may be confused with S pallida 
S refrtngens is larger thicker and more actively motile than 
iS pallida In films it stains with the ordinary dyes and shows 
great irregularity of spirals BLnute spirochjetes of the 
S dentium type are also though more rarely found on the 
genitalia 

Blood spiiochzetes Spirochaetal conditions in which the 
organisms can be readily demonstrated m blood films are 
found in all classes of animals and m man relapsing fevers due 
to spirochsetes occur m all parts of the globe The spirochaites 
of all types of relapsing fever are morphologically mdistmguish 
able They vary considerably m size with an average length 
of 15 p and an a\ erage number of 5 to 6 spirals The extremities 
are sbghtly pointed and the organisms are highly motile and 
can penetrate tissue cells They are found m the cerebro 
spinal fluid as well as in the blood In blood films the 
spirochaBtes can be readily demonstrated m ordinary I^eishman 
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preparations but tend to stain faintij During the febnle 
period thej are ^erj numerous and during the remmion^ 
estremelv scantj ITiey are aerobic and can be cultivated 
on Noguchi’s medium {p 252) The usual method of infection 
IS by bee or ticks 

S Tecurrtnlis (S o6er?R€tert)j3tlwcauseofEuropeanrelapsmg 
fever, which is still common in Hussia and other parts of 
Europe The disease 13 accompanied by febrile attacks of 
5 to 7 days’ duration, followed by periods of apyresia and 
one or two relapses The spleen is usually enlai^ed The 
mortality rate is Ion , rarely exceeding 5 per cent and the 
mfection as readily amenable to salvaisan tieatment, though 
arsenic resistant strains of the spirochiete may be produced 

S dufioni IS the cause of the tick transmit!^ fever of tropical 
Africa The tick concerned is Omithodonig mou6a(a and the 
infection in the ticks is hereditaiy, The fever in man is 
generally more severe and the relapses more numerous than m 
European relapsmg fever Similar relapsmg fevers spread 
by Lee or ticks and caused by morphologically identical 
spirocheetes have been given names corresponding to the 
localities in which they occur, but m all cases the causative 
organisms are either identical or so closel) related that no 
differentiation is possible 

Tissue spirochatcs The ti«j>ue ’»pirocb»tes are not confined 
to the tissues nor are the blood spirochates to the blood, but the 
orgamsnis of this group produce their main effects in the 
tissues and can be demonstrated there, appearing in the blood 
m such small numbers that thej can rarely be found in blood 
films The group includes the organisms of syphilis j-air*, 
infectious jaundice and rat bite fever Aecordmg to the 
classification of Noguchi the spirochaites of syphilis and yaws 
belong to the genus treponema, are provided with axial filaments 
and are soluble in saponin and distilled water, as are also the 
blood spirochjetes The spirochaetes of infectious jaundice 
have no axial filaments which can be distmguished by staimng 
are resistant to saponin and distilled water and are classed in 
the genus hptospira The oiganism of rat bite fever has a 
comparatively rigid bodj and temunal flagella, it is at present 
mcluded m the genus aptnllum The classification of the 
spirochetes is however a changing one, and it is common and 
convement to refer to all of these and the other groups as 
spirochetes 
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S pallida {Treponema pdUtdwm) (Plate VIII ) S pallida 
IS the causative organism of syphilis and its identification 
particularly in the primary chancre is of the first importance 
since the clmical diagnosis of pnmarj syphilis is never certain 
until it has been confirmed bacteriologically In the fresh 
exudate examined by dark ground illumination (p 230) the 
spirochsete of 83 q)hilia appears as a slowly moving extremely 
delicate organism with numerous regular spirals vhich do not 
straighten out during rest In Indian ink preparations (p 229) 
the spirochaite has a very similar appearance but has of course 
no movement It can be demonstrated in dried films by one 
of the modifications of Fontana s method (p 230) which 
blackens and thickens the spirochaite The spirochsete is left 
unstained by the ordinary methods but is well stained bj 
Giemsa s dye after preliminary fixation with absolute alcohol 
(p 229) The appearance m Giemsa preparations is very 
characteristic The S pallida stains pmk in contradistinction 
to the majority of other spirochxtes which etam purple The 
minute delicate spirals are numerous — from 6 to 20— ^nd verj 
regular By this method the specific morphology of the 
syphilitic organism is sharply contrasted with that of the 
saprophytic spirochsctes but the method has the disadvantage 
that many of the spirochaetes become lost in the preliminary 
alcoholic fixation and the organism is so delicate that experience 
and care are needed to detect it Of all the methods m common 
use the dark ground is most generally convenient provided the 
examination is often enough called for to justifj the permanent 
assemblage of the apparatus For occasional examinations 
the Giemsa stain is more laborious but possibly more diagnostic 
than the Fontana method The spirochaetes are usually present 
m considerable numbers in both primary and secondarj 
lesions They are very scanty in the lesions of tertiary 
syphilis The S pallida cannot be cultivated on the usual 
media but m common with the majority of other spirochaetes 
can be made to grow in media specially devised for the purpose 
Owing to the presence of contaminating bacteria the isolation 
of S pallida in pure culture is rarely successful even in skilled 
hands Inoculation of fluid contaming the organisms into one 
of the higher apes is followed by a local chancre and later by 
secondary manifestations Inoculation into the low er monkeys 
or into the testicle of a rabbit is followed by a local sore only 
which tends to heal spontaneously 
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The eirlv dngnosis of^hilt, h\ the demonstration of the 
piroch-eto in the primart chancre txjon Ihe mum raiclum hiu 
become pouUie of the utmost importince mnce the care of 
the dj«en‘;e depends so much uiwn the promptitude with which 
treatment is commenced The success of the demonstration 
rests largeU upon the care anth which the material to be 
examined is obtained The surface of the chancre should first 
be washed over thoroughlv with aterde salt solution and an 
attempt made bj vigorous squeezing of the edges of the ulcer 
to cause a clear or blood tinged serum to c'cude from the depths 
of the ba’se If the chancre is very painful or firmlj^ encrusted 
over the surface should be well s^iabbed with 4 per cent 
eueame and a further attempt made to obtain the proper fluid 
aided if necessarj hj a scraping of the chancre ba^e with the 
edge of a ghss microscope sbde Hie fluid is transferred in a 
phtimim loop to a shde am) both stawed and fresh specunea* 
should be prepared The greatest care should be taken to 
avoid infection and the examiner should neaer touch a 
suspected chancre with bate fingers Anv handling of the 
infected part can safely be done bj the patient 
A negative evaraination is not sufficient corttra indication of 
sa^ihilis but m “killed hands negative results m syphilitic 
cases are unusual In ca«es of doubt a second examination 
should be made and if enlaiged glands are present in the groin 
the most promment should be punctured with a Jiypodermic 
needle and the minute qiiantifa of fluid thus obtained often 
yaelds a positive result The recognition of the S pallida i» 
positive e^ idenee of syphilis provided the identification of the 
organism is correct 'Numerous other varieties of spiral 
organisms are to be found in the body particularly in the 
region of the mouth the anus and much lesg frequentlv the 
male urethra and the vuh a Particular care therefore should 
be evercL-ed m the esamination of the majority of extragenital 
chancres The mam pomts m the identity of the syphilitic 
organism are the comparative lack of motihti the failure 
to stam by the ordmaiw dyes and the rose pink colour when 
stamed bv Giemsa s dye the delicaci of the spirochste the 
large number of its spirals (from 12 upw artls «hould be counted) 
and their regularity 

S pertenms {Treponema pertenue) is morpboJogicallv indi* 
tingm^hable from S pallida and from 5 cumrnli a common 
spirochate specific for rabbits and produemg in them a locah ed 
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mfiamm'ition of the skin S jwrfenttta is the causative organism 
of jaws, a tropical disease spread by direct contact in which the 
pnraarj lesion is extragenital and the secondary lesions mainly 
limited to the slan It is commoner in rural than in urban 
districts and rare in Europeans A positive Wassermann 
reaction is the rule and tlie relationship of jaws to syphilis has 
not been definitely settled The spirochete is easily found 
in recent lesions 

S icterohzemorrhagiae {Leptospira icterohcemorrhagice) is the 
cause of Weil’s disease or infectious jaundice It is a slender 
spirochzete vith a length of from 7 to 14 ^ and an average of 
tvo spmals to the micron It can be cultivated in rabbit 
serum agar media kept at 28“^ C Tlie spirochsetes are very 
difficult to find in blood films but can be obtained in culture 
from the blood dunng the first few da\8 of the fever In the 
second or thurd week the organisms appear in the urine 
Diagnosis can bo confirmed bj inoculating a guinea pig with 
blood or the urinary deposit After subcutaneous mocuhtion 
the pig becomes jaundiced and rarely survnves more than 10 
days Spirochsetes are usuallj abundant m the blood and 
urine 

Spirillum minus {Sptrock(ela morsus tpurts) is the causative 
organism of rat bite fever or of Sodoku in Japan The organism 
can be found in the local sore or by puncture of a neighbouring 
lymph gland it is extremelv scanty m the peripheral blood 
The cultivation of S minus has been rarely successful Rat 
bite fever is usuallj’ accompanied bj a positive Wassermann 
reaction and is readily cured bj salvarsan 

FILTERABLE VIRUSES 

The investigation of problems concerned with the filterable 
\ noises 13 the concern of the specialist and takes no place, as 
jet, in routine clinical pathology These agents of disease are 
£>/ ffrast iDtere’Sf’ Jiud Jb£»JveFfw, that tJjf* 

following general account of them is given to enable the student 
to gam some conception of this important branch of micro* 
biologj 

In manj disea«es, not onlj of man but of other animals and 
plants, it has lieen impossible to demonstrate a causal agent 
belongmg to the cultivable bacteria These diseases have all 
the features of an infective proce®, many of them ate highlj 
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contagious, and tbej constitute a group of the greatest 
importance both medically and economicallv In 
Ivanowskj found that the agent of mosaic disease a ^nde 
spread diica^e of plants characterised bj a mtteaic hke mottling 
of the leaves, was capable of passing through filters which 
retained the ordmirj bacteria This observation -was con 
finned hy Beijennck, and in 1898 Lbffier and Frosch published 
their classical work on foot and mouth disease, showmg that 
the same held true for the causal agent of this condition These 
investigations gave birth to the conception of filterable viruses 
and since that time the number of examples has been multiplied 
to the extent that to-da\ more than a hundred diseases of 
animals and plants are attributed to agents of this kind It 
must be recognised that although the term ‘ filterable virus ” 
is established usage, it is bv no means an ideal one Even 
were filterabiliti eoleU a function of size of particle it m ould still 
be unsatlsfacfor^ for we knon now that from the smallest 
filterable vints up to the largest cultivable bacterium there is 
in unbroken gradation in size, the one group merges almost 
imperceptibU mto the other The alternative term of ultra 
microscopic virus is also unsatisfactory, for some of the larger 
viruses come withm the limits of resolution with the microscope 
It would probablv be best to follow the modem tendenc\ to 
drop both of these adjectives and speak of this group of disease 
agents simph as ‘ vini'^s ” This vague tenn is no longer 
necessan when refernng to the pathogenic bactena and pro- 
tozoa so that its use in this restricted sense is not UkeK to 
cause an\ confiision 

Amongst the virus diseases of man are measles mumps 
smallpox chickenpox, zorter, herpes, moUuscum contaguysum 
warts dengue yellow fever, the common cold, polioia^ ehtis 
and probablv also influenza and encephahti^ klharg\ea 
Example-' of virus di-eases of other animals are rabies, di> 
temper the animal pock diseases, of which cowpox is of greatest 
interest to medicme foot and mouth disease, swine fever 
loupmg ill of sheep, fowl leuksenui and psittacosis, and w 
plants we hax e mosaic disease, streak leaf curl vellows and 
other let ill-defined conditions Some of the annual virus 
diseases are communicable al-<i to man Cases of human 
infection w ith the viruses of rabies and psittacosis are well 
known, and the ease with which the latter disease passes from 
parrot to man w as well exemplified in the recent world epidemic 



THE CHABAGTEItS OF VIRUSES 135 

Foot and mouth disease in man, though rare, does undoubtedly 
occur 

Characters of the virus group. (1) Stze Although it has 
been said that, on the score of size, no clear dmdmg line can 
be drawn between the viroses and the cultivable bacteria, it is 
correct to say that taken as a group the viruses are much smaller 
than the cultivable bacteria Accurate ultra-filtration studies 
have established that the viruses range m size from 10m p., the 
size of foot and mouth vims, the smallest of the group, up to 
just within the limits of microscopic resolution or 200-250m p 
(0 2-0 25 p) One of the largest of the viruses is psittacosis 

(2) Ftllerabtliiy In virtue of their small dimensions these 
viruses are enabled to traverse filters which retain the ordinary 
bacteria This fact is made use of m separating virases from 
contaminating bactena , filtration is an essential portion of 
virus technique However, filterabihty has not been demon- 
strated in the case of every member of the virus group, and the 
nearer the viruses approach the cultivable bactena in size the 
more difficult it becomes to effect a separation by means of 
filters 

(3) Staining reactions and microscopy The ordinary staining 
methods are of no use for the demonstration of those viruses 
which come within the range of visibihty with the microscope 
They can, however, be stained with carbol fuchsin following 
treatment with a mordant or by prolonged staming with 
Giemsa The virus particles appear as minute cocci occurring 
singly, in pairs and short chains It has been recogmsed for 
some time now that minute coccus like bodies could be demon 
trated in smears of virulent material in the case of certam 
viruses Borrel demonstrated this m the case of fowlpox in 
1904, and Paschen m the case of vanola and vaccinia in 1906 
Von Prowazek suggested the name of elementary bodies for 
these virus particles, and the name is still retamed, though the 
elementary bodies of fowlpox and of vanola vaccmia are also 
spoken of as the Borrel and Paschen bodies respectively 
Recent work with the virus of psittacosis, fowlpox, vaccmia, 
varicella and ectromelia (a disease of mice) leaves httle doubt 
that the elementary bodies are the virus The staming 
methods emplojed for the demonstration of elementary bodies 
result in the virus particle being heavily coated with the dye, 
and thus increased in size and rendered more readily visible 
Although valuable, these methods are of no use for obtaining 
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^ irtual images of the elementary bodies For this purpose it 
IS necessarj to examine the unstamed bodies bi means of light 
of short u a\ e length Barnard has evoh ed a technique which 
makes use of ultra violet hght and a special dark ground con 
denser and b> this means has obtained much valuable 
information respecting the elemental^ bodies 

/■I) CnJ/n-ahon M ith the exception of the ^onis of bovine 
pleuro pneumonia and po<!sibli also vaccinia it has not been 
found possible to grow viruses apart from living cells "Manv 
of them have been cultiaated in tissue culture and even 
survia ing cells in a simple saline medium may be sufficient to 
support growth Vaccinia for instance may be groun satis 
factonlj in a medium consisting of T^Tode s solution and 
minced chick embrjo distributed in a shallow layer in flasks 
of appropriate size and shape 

(5) Tissue reactions to tiru^es The reactions on the part of 
the host 6 tissues to invasion bj a virus differ m some respects 
from those evoked bj a cultivable bacterium and there is one 
cellular change — the inclusion bod^— which would appear 
peculiar to the virus group Evidence suggests that the great 
majont;^ of pathc^emc viruses — we know little or nothing of 
saprophytic viruses — are incapable of multiphing outride 
hving cells The reaction of the ceil to this ma asion may bo 
one of two kinds Either the cell is killed or it hypertrophies 
and is stimulated to probferate Thus we maj get necrosis 
or ti<*sue overgrowth as the result of a aims infection The 
t^'pe of lesion will depend on which of these two changes 
predominates and this will depend on a aanety of factors 
such as the quantity and virulence of the invading virus and 
the resistance of the mvaded cell Howei er there is a tendency 
of certain viruses to produce one type of change to the exclusion 
of the other lellow fexer virus for instance produces 
essentiallj necrotic lesions whilst the xnmses of warts and 
mollnscim confagiosum give rise to a hx-pertrophic lesion 
Inflammatorj reactions coinmonlj occur and unless the xnrus 
infection is compheated bv secondary bacterial in% asion these 
are usually characterised by an infiltration with mononuclear 
cells It is probable that the infiammatorj reaction w 
secondary to changes set up in the infected cells 

Inclusion bodies are amorphous masses of varying size 
which stain with acid d^es such as eosin acid fuchsin or 
phloxm The) max occur either m the cjtoplasm or the 
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nucleus, and in fixed material are separated from the cellular 
material by a clear space or halo Some %aruses, such as 
vaccinia, fowipox, rabies and ectromeln, give rise to cyto- 
plasmic inclusions , others like herpes zoster and varicella 
produce nuclear inclusions, n hilst both nuclear and cj'toplasmic 
inclusions occur v ith variola virus Not everj member of the 
virus group has been shown to produce inclusion bodies but 
it has not been possible to reproduce them experimentally bj 
any other means than infection with a \irus It has been 
shown that the cjtoplasmic inclusions of vaccinia foulpox 
and ectromelia consist of ma'>se3 of elementarj bodies embedded 
m a gelatinous matrix virus colonies in other « ords Whether 
the same holds true of nuclear inclusions is not known 

The nature of filterable viruses The \ arious hj potheses 
which have been put forward to explain the nature of filterable 
viruses fall into two mam groups — 

A Those which consider that they are unorganised non 
living agents 

B Those which look upon them as living things 
According to the former view the diseased cells m virtue 
of some derangement of their metabolic functions produce an 
agent, which m turn is capable of giving rise to similar patho 
logical changes in normal cells The virus thus becomes both 
the cause and the result of the disease The particulate 
nature of viruses is explained on the assumption that the 
unorganised agent is adsorbed on to particles produced by the 
affected cells The hypotheses belonging to the second 
category are three in number According to one, the v iruses 
are the filterable phase of cultivable bacteria the second 
consider them to be minute bacteria, whilst the third would 
separate them from the bacteria as representatives of an even 
simpler form of hving matter There is practically no evidence 
m support of the first of these hypotheses, and it would seem 
almost impossible to decide which of the remaining two is 
correct It is doubtful even, whether it is a decision which 
it is of great importance to take The important question is 
w hether or not these viruses are living things, and since they 
possess the attributes of life, viz , power to multiply, ability 
to adapt themselves to altered environment and the power of 
retaining their identity regardless of environment, one is 
entitled to assume that thej are alive 

Immunity to viruses Recovery from infection w ith a v irus 
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IS usuaUi associated with the development of a solid and 
lasting immunity It is weU recognised that an mdindual 
rarely contracts such diseases as measles mumps lancelJa 
smaUpox or yellow fever more than once Exceptions to this 
statement are the common cold herpes and influenza which 
leave behmd them little or no immumty It has been recog 
nised for some tune now that virus mfections called forth the 
appearance of BpeciBe antibodi^ m the blood but until com 
paratively recentlj there was a tendency to look on these 
antibodies as different fltim the bactenal antibodies and to 
mmimi^e the role played by them in ensuring the immune 
state immuiut} to a virus was considered to be a tissue 
immunity and somethmg differing fundamentallv from bactenal 
immunity There seems now to be a fairly general agreement 
that no such fundamental difference exists The differences 
that do occur are apparent rather than real and depend on 
the difference in size and mode of life of these two classes of 
disease agents As an example of this one might cite the 
inefficacy of serum therapy in contradistmction to serum 
prophylaxis in virua mfections which is due to the mtraceUular 
mode of life of these agents once entrenched inside a cell 
they are protected against the action of circulating antibod 
Actite immunity Two classical examples of artificial active 
immunisation against infection belong to the realm of virus 
diseases viz vaccmation against smallpox and the method 
of inoculation against rabies evolved b) Pasteur In the 
former one makes u«e of living smallpox virus which has been 
adapted to growth m the cow and has lost in consequence 
its virulence for man This altered smallpox virus is spoken 
of as vaccinia virus In rabies prophylaxis the vaccine is 
made from vinilent rabbits cord the virus contained therein 
bemg attenuated bv drving over sulphunc acid for vniymg 
lengths of time (Pasteurian method) or bv treatmg with «oine 
chemical such as carbobc acid The incubation pencxi of 
rabies bemg a long one there is time to immunise the individual 
after infection has occurred and so prevent the disease Both 
these methods of immunisation have encephalomjelitis as a 
rare but «enous ®equela This encephalomyelitis is charac 
tensed histologically bv a penvascular dem\elination simiUr 
to that seen in the post infrction encephalitis occurring 
as a comphcation of measles smaUpox and variceUa The 
aetiology is obscure 
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Experiments ha\e shown that viruses which have been 
inactivated by heat have lost their power of immunising 
whereas inactivation by low concentrations of formahn pre 
serves much of their antigenic value Though the immunity 
produced bj formohsed vims is not as good as that evoked bj 
infection wnth living vires it is sufficient!} good to allow of 
living vaccines to be used subsequently without danger This 
method of vaccinating first with formohsed virus and then 
after an interval with hving virus gives a solid immunity 
it IS used in practice m protecting joung dogs against dis 
temper Another method of active immunisation against a 
virus 13 the simultaneous inoculation of active vires and 
specific antiserum either mixed together or separately in 
different parts of the animal A method on these lines has 
been evolved for the prophylactic inoculation against yellow 
fever it has been used for the protection of laboratory workers 
against this highly contagious and deadly disease 

Passxte immunity In the case of many viruses it has been 
found possible to confer passive immunity on a normal animal 
by introducing an adequate dose of serum from an animal 
possessing active immunity To be effective the antiserum 
must reach the susceptible tissues before the virus given 
later antiviral sera are valueless Antiviral sera are made 
use of in two human diseases — measles and poliomyelitis In 
the case of measles human convalescent serum is used and 
complete or partial protection can be given according to the 
mterval which has been allowed to elapse between exposure 
to infection and administration of serum Given during the 
first 6 days after exposure complete protection is obtained 
whereas given from the sixth to ninth day the serum modifies 
but does not prevent the disease after the ninth day it has no 
effect The dose employed is 5 c c for those under 5 years of 
age and 10 c c for those over that age Normal adult serum 
has been found effective but if this is used the dosage should 
be doubled In poliomyelitis antiserum is given early — in 
the preparal}^^ stage— with a view to reducing the severit} 
of the disease Convalescent serum and the serum of adults 
who have had the disease are usuxllj employed though bmited 
supplies of antipoliomjehtis serum made in the horse are now 
available the latter has not jet had adequate tnal Evidence 
suggests that given early convalescent serum materially 
reduces the chance of residual paralysis and lowers the mortality 
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rate Opinion differs as to dosage Aarying from 

20 cc intramuscularly to 100 cc dinded betTveen the thecal 
and lenous routes ha\e been advocated The making of a 
cbagnosis earh enough for the administration of senim to k 
A\orth while can onlj be hoped for m times of epidemic? 
Conrale'cent vaneella serum has been u.ed as a prophylactic 
but the results obtained have not been as successful as in 
measles due possibly to a greater \arntion in poterc\ of 
batches of varieelh conva!e«!cent serum Somewhat similar 
results have been obtained in mumps hut both m vancelh 
and mumps the method is worth trvung where it is required 
to p^e^ent or modifi. the duease in susceptible mdinduaJs 
who have been evpo'cd to mfection 

Serological reactions Just as in the case of the ordinar\ 
bacteria the mteriction between vims and specific antibodv 
can be demonstrated by a variety of reactions m the te«t tul>c 
The reactions of complement ffxation and precipitation are 
both available for this purpose and where the virus is of 
sufficient «ize agglutination of the eJementan bodies can J>e 
carried out Tlie neutralisation reaction is another means of 
demonstrating this specific interaction but for this tc't a 
susceptible ammal is necessary The vims and anfuerum are 
mixed m appropriate do«es and after a penod of contact 
injected into a susceptible animal The absence of reaction 
to this inoculation indicates that the vims and antLerum are 
specific for one another Although these serological reactions 
are not as yet m current u«e tbeir practical value as a means 
to diagno«is has been demonstrated in some of the \arus 
diseases 

RICKETTSIiE 

The BickfllsKE «o calledinhonourofRicketts whodc<cnl>ed 
the first ‘Species the cau’sal agent of Rockx llountam ‘spotteil 
fever are small bacterium like micro-orgam-sms which are 
/iromaniv inhabitants of the alimentarx canal of arthrojiods 
Some hovever, have become adapted to on alternate evi tence 
m ui'sects and mammals though this alternation in host? docs 
not entail separate developmental citJcs as in tlie ca?e of “so 
raan\ protozoa 

Rickettsia! diseases of man Four di'ea«c-» of man ha\ c b«n 
■shown to be due to organisms belonging to this group typhu* 
fever {R prowa^eU named after Ricketts and von ProwazeK 
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^^ho both lost their lives studying this disease) trench fever 
(i? quintana syn R uxilhyntca) Rockj Mountain spotted 
fever (i? rickeltst syn Dermacenlroxenus ncLellsi) and 
tsutsugamushi fever of Japan {R nipponica) Trench fever 
came and v ent « ith the war and even during the v ar only rare 
cases occurred in this country it was louse borne Typhus 
fe\er occurs m two forms epidemic tj^hus which is highly 
contagious and is associated with poverty squalor and over 
crowding and sporadic endemic typhus which is generallj 
less severe and lacks the contagiousness of the epidemic form 
It uould appear that both types are due to the same causal 
agent but the epidemic form is transmitted by the body 
louse and has man as the reservoir of virus whereas the sporadic 
type IS probablj a disease of various species of rodents and is 
transmitted bj acarmes the infection of man being merely 
incidental this difference in epidemiology accounts for the 
difference presented bj the two types of the disease The 
epidemic form of typhus alone occurs in this country At 
one time prevalent it is becoming increasingly rare and apart 
from small outbreaks in Ireland and more rarely m Liverpool 
and Glasgow it has not been seen m Great Bntam this century 
The other two diseases Rocky Mountain spotted fever and 
tsutsugamushi feaer are both typhus like diseases which 
like sporadic tjqihus remain endemic and never assume 
epidemic proportions They are both probably diseases of 
rodents transmitted by insects the wood tick Dermacentor 
lenustus in the case of Rocky Mountain spotted fever and a 
mite the larva of Trombicvla akamtisht in tsutsugamushi fever 
Morphology and staining Rickettsice present the appearance 
of minute cocci diplococci or short bacilli They are 0 3-0 5 p 
long by 0 3 ^ broad though occasional bacillary forms may 
extend up to 1 5 or 2 p m length They stain poorly v ith the 
ordinary aniline dyes but can be readily demonstrated after 
prolonged staining with Giemsa or by means of Castaneda 8 stain 
Ruyilax atamin^ is. twuijiisoiJjj seen. Tbe.^ are Gram, negative 
To stam 

Fix smear in methyl alcohol for 5 mmutes 
Apply Castaneda s stam (p 254) and allow to act for 
2 to 5 mmutes 
Wash 

Stain with aqueous saCranin for 10 seconds 
Wash and blot dry 
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RiokettaiTs are stained blue , the cells anti cell debris stam 
red Tnth the safrinm This method stains some of the viruses 
e g , psittacosis, satisfactonh 

Cultivation ^Vlth the po^ible exception of J? wippomra 
none of the ncketfsi-e pathogenic for man have been cultivated 
on artificial media Like the filterable viruses, thev can be 
groim in vitro in conjunction with hving celfe 

Serology The ^erum of typhus convalescents contains 
specific antibody, as can be shown, for instance, by agslutina 
tion of suspensions of P protcazeLt But the most interesting 
feature of the serology of typhus lever is the power possessed 
by the«e sera of agglutinating certam strains of £ proleii $ — 
\ 10 in particular — an observation made bj Weil and Felix 
The Weil Febx reaction is positive m all forms of typhus, 
epidemic and sporadic, though m the ca«e of the sporadic rural 
tj'phusoftheSIalay Peninsula it is a \anant of proteus \ 19 — 
the Kingsbury ” strain — which is agglutinated, the reaction 
being negative with \ 19 The Weil Febx reaction is given by 
cases of Rockj ‘Mountam spotted fever, but not b\ trench 
fever or tsutsugamushi fever The reaction is of the greatest 
value m the diagnosis of tj-phus fever 
Nature of Rickettsiae The view that Riclettene are living 
micro-oi^amsms is now held by the majoritj In an endeavour 
to account for the constant presence in high titre of agglutinins 
for proteus X 19 in typhus fever sera, the view has been put 
forward that £ protcazekt is merely a developmental stage of 
B proteus According to this new, the proteus bacillus would 
be the vegetatiie pha^^e of the typhus virus and the rickettsia 
the virulent phase Another view is that the nckettsia is the 
result of the action of a bacteriophage on £ proteus X 19 
Evidence has been advanced m support of both of theec 
hypotheses but proof of either is lacking The recent work 
of Castaneda and Zia, showing tliat £ prarazeLt and £ 
proteiks X 19 possess a common antigen in addition to their 
specific antigens, provides an adequate explanation of the 
eil Felix reaction without makmg it necessary to assume 
any genetic relationship between the proteus bacillus and the 
nckettsia 
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FUNGI— PROTOZOA— HELMINTHES—ARTHROPODA 
FUNGI 

The fungi are topically composed of a mjcelmm and spores, 
the latter being formed either as the result of a sexual process 
or by a kind of separation from the mycelium Numerous 
affections, particularly of the skm in man are unquestionably 
the result of fungus invasion m other conditions the part 
plajed by the fungi which may be present m the lesions is 
difficult to assess An account of all the fungi which have 
been credited with pathogenicity to man is beyond the scope 
of this book, and only the more important and commoner 
parasites are bneffy considered here 

Method In the examination of skin lesions or hairs the 
following method is simple and satisfactory both for micro 
Bcopy and culture — Take scrapings from the lesion into a 
sterile watch glass Put a few fragments on a slide and add 
a drop of sodium sulphide solution Put under a cover slip 
and examine unstained Mycelium and spores stand out 
clearly The sodium sulphide solution is made by takmg a few 
drops of saturated sodium sulphide in a test tube adding an 
equal volume of methylated spirit and shaking Distilled 
water is then added drop by drop until the solution becomes 
clear In place of the sodium sulphide solution 10 per cent 
caustic soda or potash may be used For culture a fragment 
IS placed betw een tw o filter papers and the papers are moistened 
with methylated spirit The fragment is then removed with a 
platmum wire, embedded m a tube of Sabouraud’s medium 
(p 251) and incubated at room temperature 

The following are among the more important pathogenic 
fungi 

Microsporum The commonest member is M Audommi, 
which 13 peculiar to the human race, and produces both scalp 
and body rmgworra In the ham the branching mjcelial 
filaments break up into small spores which form a mosaic 

143 



144 


FU\GI— PROTOZOA ETC 
^rotmd the ‘ifnft There is no amngement in clnui'^ feimiiir 

fungi of inimal — J/ JeUneum V lanatum (cant.) md J/ 
egmniim—in^^ il o affect mnn and infections hj the cat m" 
worm are not uncommon Scales taken from the skm in an 
infection bj Jf felinettm show Jong tliin fihraents but no 
spores Ut^rosportitn fnrfttr i the caiue of the di coloration 
of the skm knouTi as pitvm«is versicolor The spores and 
mterlacmg m\ celium can be easily demonstrated m -scnpins 
from the 

Endothrix (Tnchoph\ton endothrix) The numerous 
varieties recorded m this group ire said to be pecuhar to man 
The\ cause ruig\^orm of the scalp bodv ind beird and are 
the mo t frequent species found infecting the nail plate Tlie 
spores are shghth larger than tho e of the mierosponim group 
are arranged in chains andinestabh«hedca«esordi nithuitie 
hair shaft Tlie cehum la 8cant> rod hke and non-(feptite 
Ectotbnx (Trvchophjton ectothns) Infections by fungi of 
this group are derived from ammaU and produce nngiTorm of 
theskm scaJpand beard Underthemicro copethehairshafi 
IS surrounded b\ a den«e system of winding chiins ofFpore^ 
Epidermophiloa mgumale i> the cau^e of /men entm Scrip 
mgs from the «km «hov\ nncelial threads and mterlacmg cl ws 
of spores 

Fai us The orgam ins w thj> group differ from other fungi 
m their metliod of growth Tlie mtcelial tlireads grow out 
vertically mstead of horizontalU and the spores are found on 
their superficial aspect Small entenform lesions are pnxliiced 
m man on the scalp the skin and Jess commonJr the nail 
Ac/ionon Schcniliemt i& the favus organism most often found 
m man and ^cAonon ^KinclcanMm a parasite of the mou«e 
also affects man 

Sporotnehum 4 chronic infective graniiJoinatoii condition 
of the skm resembling m its clinical features tuberculosis or 
sj-philis 13 associated with a yeast bke organum the Sjxtro- 
tnc?iu>n beurmanni The oval Gram positive spores are 
present in the pus and in culture* taken on malto>e agar 
and grorni at room temperature both spores and branching 
mjeehum are found A^lutuuns are produced to the sporej* 
Momha Jf Africans is the pnncipal agent of thru b It 
grows like a yeast m culture showing large oval budihng ce 
and m scrapmg^ from the throat coarse mycelial thread* are 
seen together with as a rule the veast hke celL 
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Aspergillus A Krge number of this species have been 
described in human pathology and particularly m connection 
Mith mycetoma or Sladura foot The fungi have also been 
isolated from the sputum m pulmonary affections from the 
air sinuses of the skull and from the auditory meatus In the 
last situation they may be associated with a pigmented 
granulomatous condition 

The fungi hitherto mentioned can all be easilj recognised 
as fungi in microscopic preparations The presence of spores 
and mycelial threads and in liairs the relationship of the 
organism to the hair shaft are usually obaious A long and 
constant experience of these parasites w ill enable an expert to 
identify them under the microscope wath some success Further 
information can usually be obtained by cultivation The 
organisms will usually grow well on ordinary media such as 
agar but the appearances upon which identification rests 
vary with the media used and it is advisable to compare all 
cultural growth on the same media preferably Sabouraud s 
medium which is in common use On this medium the colonies 
ma} be hamid and glutinous as m the case of A iSr^cenlemtt 
or snoivj white downy discs as with M Audomnxi or pig 
mented as with some of the animal ringworms In the majontj 
of the above mfections met with in practice the clinical and 
microscopic pictures combined where possible with the 
appearance of the colony on Sabouraud s medium will suffice 
for a diagnosis Absolute identification and classification m 
this vast field is the sphere of the mycologist and ow mg to 
the difference of his outlook the result will probably have 
little meaning to the dermatologist 

Actinomyces The parasitology of the disease actmomy 
cosis in man and cattle has been obscured by the discovery of 
at least three different organisms in the lesions These are 
Actinomyces bolts Harz an anaerobe and the cause of actino 
mycosis vn man and cattle Actinotnyces gramims Bostroem 
aero&ic saprophytic on grams and grasses non pathogenic 
but occasionallv isolated as a contaminant in actinomycotic 
lesions The third organism is a non branching Gram negatii e 
bacillus {achnobaciU is) which is responsible m cattle for actmo 
bacillo'^is a condition resembimg and often confused ivxth 
actinomycosis In addition other actinomyces are recog 
msed including the aerobic AcHnomyces madurcB the cause 
of the pale variety of "Madura foot in man and Actinomyces 

Cl CAi riTHoioor 10 
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farctnus, an aerobic aeid fast oigamsm producing farcv bud in 
cattle 

Acltnomyces 60115 is the causative organism of actmomjco-u 
in man, producmg lesions about the mouth or m the aliraentai^ 
tract and in the lung The pus from a discharging emus con 
tains colonies of the organ^m xvlitch appear as vellon'ish, round 
and usuallj soft granules These grannies are best detected bv 
collecting the pus m a test tube, which, is sloped and rotated 
so as to let the pus flow round the sides of the tube , this 13 
then returned to the vertical position, and as the pus collects 
agam at the bottom the granules can easily be seen still adhering 
to the sides A granule is picked out on a platinum loop and 
rubbed (or, if an old and brittle granule, crushed) on a shde 
The film is stamed bj Gram’s method, and consist'’ mamlj' of 
a dehcate, Gram positive, beaded and branchmg mycelium 
(Plate Vni ) Short Gram positive rods and coccoid bodies 
resulting from the breaking down of the mycehum may also 
be seen The Gram negative clubs, which form so striking 
an appearance m histological sections and ore deposits formed 
around the mycehal extremities, are rarely identified in film 
preparations nor do tbej commonly form m cultures In 
section the clubs may be shown to be verj fecblj acid fast 
In anaerobic culture at 37* C the organism grows on the 
ordinary media, and in broth produces white, molbeny hhe 
granules which sink to the bottom of the tube On agar the 
colonies are dull white with a cauhflow er bke surface Inocula 
tion of cultures into rabbits and guinea pigs produces sroal) 
non progressi\e lesions 

The acliTw-bacillits is a short Gram negative bacillus which 
grows upon the ordmary media It is the chief agent in the 
granulomatous disease of cattle associated with “ woodv 
tongue, a condition less commonly produced by actmomyces 
The bacillus does not seem to affect man 

PROTOZOA 

Malaria Ague is now practicallj non-existent m England 
although It was untd comparative recently endemic m the 
fen distncts, and members of the anophtUnce, the mosquitos 
responsible for the spread of the disease, are still to be foanri 
there During and shortly after the war sporadic 
occurred in which returned soldiers with malaria acted as 
reservoirs 
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Those who ha^ e lived in malarial countries, on their return 
to England, are apt to look upon any febrile condition as 
malarial, and it mdeed appeals that many who have been 
mfected over long periods are subsequently bable to consider- 
able rises of temperature from comparatively trifling causes 
Ca<*e8 of refractive infection by the benign tertian and quartan 
parasites may carry the organism for many months and even 
years, after leaving a malarial district and patients recently 
returned from infected countries may harbour the parasites in 
considerable numbers In all suspected cases it is advisable 
to withhold quinine until the blood has been examined, m 
order that the diagnosis may be confirmed and the tjqie of 
organism determined 

The malarial parasites are three in number the benign 
tertian (PZastnodmm tna*), the quartan {Plasmodtum mdlance), 
and the subtertian (Plasmodium falciparum) The parasites 
all pass through verj similar developmental cycles The 
intracorporeal cycle (of 48 to 72 hours according to the species) 
commences ith the appearance of an intra corpuscular disc 
containing scattered pigment or bxmozom The pigment 
collects into a central mass around u hich the parasite becomes 
arranged m segments or spores The red corpuscle containing 
the spores breaks down and the parasites enter neu corpuscles, 
exhibit amoeboid mo% ement become enlarged and later again 
segmented Outside the corpuscle the gametoeytes derived 
from the freed sexual cells are m the benign tertian and 
quartanround mthesubtertiancrescentic The crescentic male 
gametocyte has scattered pigment , in the female the pigment 
IS collected in a ring in the centre of the parasite The male 
gametocyte of all species becomes spherical and flagellated , 
the flagella, which are known as imcrogametes, break away 
and enter the spherical and quiescent female gametoeytes, 
uhich after impregnation are called zygotes The zygote, 
after ingestion by a mosquito, becomes elongated and motile, 
penetrates mto the u all of the mosquito’s stomach and becomes 
encysted Withm the i^st spindles or sporozoites are 
developed, and these pass to thesahvary glands of the mosquito, 
and are thus transferred to the human host Owing to the 
frequency of mixed infections the temperature chart is not as 
a rule a sufficient guide to the nature of the organism, which 
must be identified by means of the microscope (Plate V ) The 
quartan and the benign tertian forms sporulate in the peripheral 
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circulation, and are the two parasites most ea<!ily confused- 
The quartan is feebK amoeboid, its pigment granules are 
coarse, and the parasite commonh fills the red cell without 
distending it The ro«ette contains 8 to 10 segments Tlie 
bemgn tertian is the parasite most commonly met ■with it is 
actively amccboid and contajm fine pigment granules ; it onh 
partially fills the red cell, which is almost al«a\'8 enlarged, 
frequently shows poUchromatophilic degeneration and com 
monh contains numerous chroniophilic granules known as 
Schuffner’s dots The rosette contains lo to 26 segments 
The fresh blood should always be examined in order to observe 
the activity of the parasite and the dancing nio% ements of the 
pigment granules It is adMsable to u«e a ^>-mch objectne, 
and if the blood is examined immediitely a warm stage is 
unnecessary The rosette forms are not commonly met w ith 
in this country The great majority of the parasites m a 
preparation made with liCislunan’s stain shou an irregularly - 
shaped blue body containing a small knot of purple staining 
chromatin and black pigment granules ITie malignant 
tertian parasite is a more serious infection, responds le«s readily 
to quimne, is frequently as’sociated with a lery grate anremia, 
and may be complicated by blackwater fever This parasite 
sporulates m the internal oigans, and the forms present m 
the peripheral circulation are rcacbly distinguished, since the 
commonest appearances met with are (he eo-caUed signet 
rings and crescents In Leishraan stained preparations the 

signets ’ show as small delicate blue rings wath a knot of 
purple chromatin at one spot on their circumference The 
crescents are blue crescentic bodies containing the typical 
black pigment granules The crescents appear at first sight 
to be ljung free in tlie blood, but on closer inspection a 
narrow rim of the cytoplasm of the red blood corjiuscle can 
be made out, often bridging the concavity of the crescent 
The raahginnt tertian parasites are commonly very scanty 
and may require a prolonged search before they can be 
demonstrated 

The best method of looking for all forms of malarial parasites 
is to make films in the ordinan iray , and st-iin them by 
Leishnian’s «tain A prolonged scirch may be necessary, 
and if the parasites cannot be found by the usual methods 
It IS adiTsable to make the films as thick ns possible, and w hen 
dry to hxmolyse them by dijqjing them m tap water until 
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no more hgeraoglobin comes out They should then be stained 
in carbol thionin for 3 minutes, u ashed in uater and blotted 
dry 

Trypanosomiasis. Trypanosome infections in man are rarely 
met Avith and never arise in this country", but the organisms 
are so widely spread and so fatal to man and animals that a 
very short account of them may be given here Trypanosomes 
are to be found in the blood of a large variety of animals, 
and in many of them appear to produce no ill effect, while 
in others they’ cause disease ami often a heavy mortality In 
man try"panosomia8i3 is the cause of sleeping sickness, a disease 
which has almost depopulated vast areas of country in Africa, 
and of Chagas’ disease in South America 

The more important try^panosomes are the follow mg — 

T lewtst, the rat try panosome 

T €ian3t, which attacks camels, elephants, etc , ami is the 
cause of the disease knowm m India as “ Surra ’ 

T brucei, vvhich attacks horses and bovines and produces 
the disease called “ Nagana ” id Africa This parasite is found 
also m the native antelopes, winch appear to he immune to 
its poison and to act as reservoirs for the infection of the 
domestic animals T bntcet is spread by a tsetse fly, Olosstna 
morsitans 

T gambtense is the chief cause of sleeping sickness in man, 
and 18 spread by another biting fly, Glossina palpahs T 
rhodmense is less widely distnbuted, produces a more virulent 
form of sleeping sickness, and is spreatl by’ Glosstna morsitans 
In the early stages of the disease the try’panosomes are present 
in the blood and more numerously in the ly’mphatic glands, and 
may then cause few symptoms It is only m the late stages 
that the organisms gain access to the central nervous system, 
are found m the cerebro spinal fluid, and produce the symptoms 
of the disease 

In order to demonstrate the presence of the trypanosomes 
m a suspected case the blood should be examined both in 
the fresh state and m onlinary’ films stained by’ Leishman’s 
stain The parasite is, however, frequently scanty in the 
peripheral circulation, and it may be necessary to withdraw 
several cubic centimetres of the blood from a vein, mix them 
in citrated salt solution, centrifuge, and exannno the deposit 
Usually’ the ly’mphatic glands are enlarged, and most frequently’ 
the cervical glands, and the simplest method is to puncture the 
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most prominent gland ^\^th a hypodermic needle and a^nnge 
and make films from the small quantitj of fluid obtainable 
B\ this method trj'p'inosomes can usuallj be demonstrated 
■with ease In the later stages the cerebro spinal fluid may 
be removed by lumbar puncture centrifuged and the deposit 
exammed An excess of lymphocj-tes is present m the fluid 
m addition to the parasites themselves If parasites cannot 
be found by an3 of these methods the conclusive proof of 
absence of infection rests upon the inoculation of su'^ceptible 
ammals -mth the patient s blood 

Chagas disease of Sooth America is cau'^ed bj the 
trypanosoma crvzt and is dLseminated by bugs thearroadiJIo 
and the opossum acting as reservoirs 

A trypanosome as seen in the fresh blood is actively 
motile and provided ivith a free flagellum at its anterior 
extreraitj In stained preparations the following points maj 
be made out (Plate \ I ) Near the posterior rounded extremity 
IS a small deeph staining round spot the blepharoblast 
The nucleus is commonly situated near the centre of the 
tijpano^me The iiadahting membrane can be seen arising 
from the blepharoblaat winding along the free border of the 
parasite and terminating in the flagellum at the posterior 
extremitj The identification of the different species of 
trypano«omes must be left to the expert 

The tniianosomes can be cuUirated in special agar blood 
media the forms pathogenic to man being more difficult to 
culture than the non pathogenic species or those found in 
birds 

Leishmaniasis includes t generalised infection called in India 
kaJa azar and a local condition known as Oriental or tropical 
sore Ivala azar mav be epidemic as in Assam or sporadic 
as m the ‘Mediterranean ba^in where it is mainU confined to 
noting children In addition there is a naso pharjTigeal form 
of Leishmaniasis met ^nth in South America and known as 
espundn In ill the«e conditions the infecting protozoon a 
small circular bodr containing a round nucleus and i small 
deeph staining rod-shaped micro nucleus the organism in this 
stage of its c} cle being known as the Lei«hman Dono^ an bocl^ 
(Plate M) In Onental «ore the parasites can be demonstrated 
in scrapings from the legion and in kala azar they niaj be 
searched for in the blood in which the^ ma> be found within 
the leucocjtes and usuaU> the large hvalme celN The 
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parasites however are commonly scanty in the peripheral 
circulation and it may not be possible to find them even after 
a prolonged search The most practical method is to perform 
puncture of the spleen a proceeding which has m the past 
been attended by fatal results owmg to the woundmg of 
considerable blood vessels with a large needle If puncture 
of the spleen is performed with the ordmarj hypodermic 
syrmge armed with the usual fine needle the operation is 
practically deioid of iisk and the minute quantity of splenic 
fluid ohtamed is quite sufficient for diagnostic purposes 
When performing splenic puncture the patient must be made 
to take a deep breath and hold it Films made from the fluid 
should be stamed w ith Leishman s stam and the numerous 
distinctive parasites w ill bo found both lying free and massed 
within the endothelial cells of the spleen The organisms 
can be cultivated in citrated blood at 20® C when they de\ elop 
into elongated motile flagellated forms w hich resemble trypano 
somes but have no undulating membrane The full story of 
the transmission of the parasites is not yet known but it is 
probable that they are abstracted from the penpheral blood 
or from beneath the skm by bitmg insects and it is almost 
certain that sandflies can thus transmit the infection Natural 
reservoirs are provided by the dog m some areas and a small 
rodent the hamster m others 
Amcebiasis Amccbic dysentery is a disease of tropical and 
subtropical countries but occasional cases have been reported 
in patients who have never been out of Great Britam The 
causative organism the Entamoeba histolytica is abundant m 
the stools in the acute stage In the chronic stage m con 
\ alescents and m contacts who have never had the disease the 
organisms m their amoebic or cjrstic forms may be found in the 
stools but are often scanty and other non pathogemc amoebae 
may be present In the freshly evacuated pus of a liver 
abscess amceb® can rarely be detected but they may be 
abundant m the later ffischarge Of the non pathogenic 
amoebae the Entamoeba colt js most commonly met with and 
the chief points of distinction between this organism and 
E histolytica are the foUowmg E histolytica moves more 
actuely with clear pseudopodia frequently ingests red cells 
has a granular endoplasm and clear ectoplasm E colt is more 
sluggish mgests bactena but not red cells has no distinction 
between ecto and endo plasm and m fresh specimens has a 
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distinct nucleus that of E ht*lc3ytica being bard to see The 
cjstsofj; cob are lai^er than those of i; /««/o7^ica and have 
more nuclei which reach to 8 m the former and to 4 in the 
latter Coar«e chromatoid bodies are often present m ci-sts 
ofE hi^iolylica but not in those of coh Certain identifica 
tion of the different species of amoeba? is often difficult eacept 
with constant practice but it should be pos ible to distinguish 
actively movmg amceha or spherical nucleated cvsts from 
intestinal epithelial phagocj'tic cells or the more or Ic s circular 
non nucleated or mono nuclear objects commonh encountered 
in the fa?ces The stool should alwaas be evaramed within 
an hour or tu o of being passed and emetine should he withheld 
until the evammation has been made A drop of blood 
stained mucus i* selected placed on a elide with a co\ er glass 
over it and examined with a i meh objective A warm stage 
IS not essential but the ammbic movements are more certamh 
seen ba this method On a cofd dai the ordinarj slide 
preparation should be warmed and m anj case it should he 
exammed immediateK after it has been mede If the amabas 
are fei\ m number proceed as follows Place a shred of mucus 
on each of two slides and idlx in sahne on one slide and in 
triple-strength Grams lodme on the other slide Examine 
with low power objectives preferablj on a warm stage and 
confirm under a inch objective The chromatoid bodies 
are deeph stained bj the iodine 

Al omakea film of undiluted f'cces on a slide w ith i platinum 
loop Place without drying m Zenker s fluid o to 10 minutes 
then into SO per cent alcohol I0to20nnniites Then without 
dmng stain with ^ an Giesons method of section staining 
Examine for amceb'e and cjsts 

Flagellates ^umerou^ flageJIalea have been foi nd to occur 
often m considerable numbers in human f»ces Of these 
Lambba intcs/i7M/«j(Giarrfin tntesbnalvt) has caused considerable 
controA ersa It measures 10 b> 15 p ami has? a pear-shaped 
bod\ w ith two oa al nuclei and /our pair* of flagella Tlie 
balance of opinion would seem to be that the e parasites are 
devoid of pathogenic action 

Trichomonas of more than one aanetj max bo present in 
large numbers m the stools Tlie bodies are pear-shaped a 
single nucleus u present and three four or fixe flagella Cists 
of this protozoon and of Lambba xnteshnah'i mav be numerous 

Infusoria The Balanlidtum w/i is the only important 
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proto 20 on of this class which is credited with pathogenic action 
in man, infections having been recorded on the Continent, in 
the Philippines and elsewhere The organism is a large oial 
parasite covered with ciha; the cysts are slightly ovoid and 
from 50 to 60 p m diameter 


HELMINTHES 

A considerable lanety of animal parasites maj on certain 
occasions and m certain countries infest the human alimentarj 
tract Onl^ three species are however, commonij distributed 
in this country namely, Oxyuna vermtcularts, Ascaris lumbn 
cotdes and Tffma sagxnata Other species, such as ancylosfoma, 
are common in certain circumscribed areas Others agam 
may be imported bj their human host from other countries, 
or may occur onl;^ fortuitously in man 
The following is a brief account of the more important 
parasites, arranged zooIogicaUy 

Platyhelminthes. These are worm like, flattened dorso- 
ventrally and frequently hermaphroibtic 
They are divided into three classes — 

Class 1, Turbellana are not parasitic 
Class 2, Trematoda (or flukes), are parasitic m man They 
are unsegmented In all the life cycle from ovum to adult is 
complex requiring an intermediate host, and asexual multi- 
plication tabes place outside the body from the sexually- 
produced egg 

Class 3, Cestoda (tape worms), are parasitic are elongated, 
flattened, and segmented , the mode of development is 
comparatn ely simple 

Trematoda. A considerable number of flukes are parasitic 
to man, but none which produce symptoms are native to this 
country The flukes may conveniently be divided on clmical 
groimds into those which mhabit the biliary passages, the 
bronchi, and the blood vessels 

Liver flukes are numerous, the most important being 
Fasciohpsxs bxiskti, common m China and India, and Clonorchis 
ainensis, an extremely frequent parasite of Eastern peoples 
Usually’ no sy’mptoms are produced, but there may be enlarge- 
ment of the 111 er w ith jaundice and ascites The ova arc 
found in the frcces They' are roughly oval, but w ith one end 
narrow er than the other, and are of a y ellow ish colour. They 
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have a shell with a Ld at one end and contain round refractiie 
globules 

The bronchial fluke or Paragonxmvs wtsiermanu is the 
cau'^e of endemic hffimopt>«=iam China Japan andtbePhihp 
pines It measures about 10 mm long and o ram broad 
Infection is diagnosed bj the read^ detection of the ova m 
the sputum More rarelj the parasite is found in the intestine 
and the ova in the feces The intermediate hosts are certain 
fresh w ater molluscs and crabs The i oung flukes or eercarue 
are taken into the mouth with the food and subsequent!} 
perforate the diaphragm and penetratmg the lungs become 
enc} sted there 

The blood flukes of which the most important is Sehtstiisoma 
hietfuitabium are bi«evtial trematodes S btcmalobrnm or 
Bdharzia hmmiiobia as it was formerly called is a common 
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parasite of Egypt and 
iwrts of South Africa 
The adult worm lives 
m the veins without 
producing much change 
in them The sjmp- 
toms are consequent 
upon the passage of 
the ova through the 
mucous membrane into 
the rectum or more 


commonl} bladder The diagnosis is determined hi the 
presence of the spmed egg& m the urine or the feces Tlie oi a 
differ from those of other trematodea m baling no hd The 
single spine is terminal and the o\a ma\ be found some jears 
after the patient has left the infected district The eggs 
contain a ciliated embr}© The adult male is from ISto 18mm 
long and 3 to 5 mm broad The female is longer and thinner 
bemg 20 mm long and onl\ 0 25 ram broad The male 
has two suckers the antenor of which is termmal It is a 
flat worm roMed iaferat/} upon itself to form a holhn 
tube withm n hich the female is clasped MTien the ova are 
deposited m water the ciliated cmbrjo escapes and forms a 
sporocjst m certain fresh water snails From the c}st faded 
cercaria; develop escape from the snail and enter the human 
bod} h} penetratmg the skm or buccal mucous membrane 
They then pa‘« into the portal circulation where thev develop 
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into the adult Morms The S Mansont is a similar fluke 
inhabiting the capillaries of the intestine and frequently 
producing rectal polypi The intermediate host is another 
species of fresh u ater snail The ova are found in the fasces 
and have a lateral instead of a terminal spine 

A smaller trematode also inhabiting the portal veins of man 
and common m the East is S japonteum The male similarly 
contains the female m a gynaecophonc canal The o\a are 
found m the fseces and contain a ciliated embry o but have no 
spine 

Cestoda The tape worms arc divided into two groups by 
the characters of their heads namely Pseudophylltdea and 
Cyclophyllidea The heads of the former are provided with 
two elongated slits while the latter have four round suckers 
and a rostellum w hich m some species is armed with booklets 
All the worms consist of a head or scolex from which 
arises a senes of segments or proglottides Each proglottis is 
bisexual 

PseudophylUdea The most important human parasite of 
this class 13 Dibothnocepkalus lalus 

Dibothriocephalus latus is not met with m Great Britain 
but IS common in Iceland Switzerland Russia and in parte of 
Amenca The adult worm lives in the intestinal tract of 
man and feeds upon the intestinal contents The symptoms 
produced in the host are usually trifling but m exceptional 
cases a 8e\ ere ansemia with a high colour index may develop 
The parasite is very large and long and may grow to 25 or 
30 feet m length The hevd i«i long and narrow and is attached 
to the gut wall by two Jong slit like suckers The genital 
pore opens upon the flat surface of the proglottis The ova 
are enclosed in shells fitted with a lid and at the time of 
passage m the fjcces are immature The shells are almost 
colourless Within the ovum a six hooked embryo forms 
with a ciliated capsule around it Embryo and capsule are 
called the oncosphere The ciliated embryo escapes in water 
and enters first a water flea and subsequently a freshwater 
fi«h Here the ciliated envelope disappears and the embryo 
makes its way into the muscles and losing its booklets develops 
slit like suckers and an unsegmented w orm like body This 
larval form is eaten by man or other host and develops into 
the adult segmented worm 

A similar and even larger tape worm is met with m Japan 
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It maj attain a length of 1» yatda. and fa knoii-n as D,pto- 
gonopoms grandts 

C>cIoph>lIidea ar^ represented b\ severa! species which iHa\ 
^ parasitic to man, and three are common Jlan la the 
definitive host m the ca«« ofTVraia soltum and Tama sagiMla, 
but for the former ma\ act as the intermediate host Man 
IS the intermediate ho^t int Echinococais pran>iJa»}w orh-idaUd 
The ova of the t.-fenuda; and of echinococcus npen m the 
proglottides and at the time of pa<«<!age in the ficces are in the 
onco'sphere stage At thi<» stage the embrj o ha«5 a head armed 
with siv booklets, and is contained in a thick, radially striated, 
but not ciliated capsule The oncospheres are su allowed by 
man or sheep m the ease of the reAinococcii?, by cattle with 
(he T saginala, and b\ pig« with 
T The capsule ts dis- 

solved m the intestmal canal of 
I the intermediate host, and the 
hooked embrj o pierces the gut 
wall and reaches the viscera Here 
the embryo becomes enmsterl 
and its booklets drop off The cj'«t 
or cysticercus becomes lined uith 
cell', Irom nhich scoJices 
\ develop The echinococcus cysts 

Flo 12 — of TiPftja Sojium develop secondary or daucfater 
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CKSts, and the pon in 

these The ev«ticer(*xis is ingested bj a fle^h-eating nmmal , 
the seohcc' are set fr^, attach themseive- to the gut wall, and 
grow into adult wonus 

Tsma solium, the pork tape worm, reaches a length of 
about 10 feet The t-ipe proglottis is about 10 mm long and 
5 mm broad The genital pores, as is the case m all the 
t£emidje open lateraUj The uterus has about 10 lateral 
branche* Tlie ro>telhim ha" 4 sjickers and a double circle of 
booklets "Man becon^es infected b\ eating imperfecth -cooked 
and raeasled ” pork The infection i» much commoner m 
Germany than in Greit Bntaw Man occasionallv acts as the 
mtermeAate host, arid becomes infected bj swallow mg the 
onco'pheres , such infection maj occur when huiiim fa?ces are 
used as manure or bv auto infection 
The adult form can be reci^nised bj the p,i«sage of the 
oncospheres and the Segments m the foces The head of the 
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Morm which is a comparati\el> minute object must be 
particuhrlv sought for and the rostellum with its suckers and 
booklets IS readily recognised w ith a low magnification The 
C 3 st contents of the cj sticercus infection are searched for the 
small booklets which are pointed slightly curved and 
not barbed This cjsticercus is known as the Cyshcercm 
celliilosce 

Tania sagmata is the commonest of all human tape ivorms 
It is larger and longer than T solmm and may attain a length 
of 20 feet The ripe proglottis is longer and broader than that 
of T sohitm The uterus has from 20 to 25 mam branches 
The head has 4 suckers but no booklets and usually there is a 
more or less circular deposit of black pigment in the antenoi 
part of the head The c\ sti 
cercus occurs in the muscles of the 
ox and IS known as Cyslicercm 
bous Man is probably ne\er 
affected by the cj sticercus but 
IS always the definitive host 
Versons most liable to be 
affected are those who eat raw 
or lightly cooked beef the small 
cysticerci m which can easily 
escape notice The adult worm 
in the intestine produces few _ 13 — H^adofT®nft 

» »t. * 1 , I Sag nata Head Natural S tn 

symptoms other than of a sub 

jective nature The diagnosis rests with the detection of the 
head the proglottides or the oncospheres m the fteces 

Echinococcus granulosus The echinococcus or hjdatid is 
a small tape worm onij 4 or 6 mm long It is compo'^ed of 
a variable number of segments usually 4 sometimes 3 or 5 
The mature ova are contained in the last segment The head 
IS provided with 4 suckers and a double row of booklets 
The adult tapeworm is found in dogs wohes and jackals 
and the period between ingestion and the passage of mature 
ova is about 40 days TTie oncospheres may be deposited on 
vegetables or grass and from this source man or sheep maj 
become infected In man the cjsttcercoid form onlj is found 
and the tumours may take three or more jears to develop 
Human infection 13 common m Australia and other sheep 
raising countries In England it is perhaps most common in 
the eastern counties and a considerable number of cases are 
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met AMth in the Cambndgeshire district Persons ^iho have 
never been out of London maj occasionally be infected 
possibly tlirough the dangerous medium of a dog infested 
iratereress bed The cysticcrcus mav be found m almost any 
region of the body m man and occisiotmlly numbers of c\-st8 
may be passed in the fieea folloiiing the rupture of a parent 
cyst into the gut The cysts may bo quite small translucent 
round bodies not unlike grapes Their nature is certainly 
determined by the finding of birbetl booklets or ell formed 
scoliccs y ithin them but it is not uncommon to find numbers 
of well developed but sterile cysts 
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Nemathelminthes These are round unsegmented irorms 
usually tapering at both ends 
They are divided into three classes — 

Class 1 Nematoda commonly parasitic in man 
Chss 2 J*ematomorpha not parasitic m man 
Class 3 Acanthocephala very mreh parasitic in man 
Only the nematodes are considered here 
Nematoda The nematodes include a considerable number 
of different families not nil of which are parasitic while 
others are verv commonly parasitic in man 

Strongyloides stercoralis js a very common intestinal pinsite 
in tropical countries It passes through a parasitic and a 
free living form The adult parasitic form is a parthenogenic 
female and In es in the mucous membrane of the small intestine 
It IS a cyhndrical worm 2o mm long with a pointed tau 
The eggs are deposited in the intestinal mucous membrane 
and develop into larv® which leave the host m the faeces 
Here they develop further cast their skins and l)ecome 
sevually mature The females are 1 mm long and the ma es 
shorter The sexes copulate and the female lavs egg^ 
which larvfB are hatched which develop into the parasitic 
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form, and cannot reproduce themselves unless agam reintro 
duced into the human intestine 

Tnchuns tnchiura, or the whip worm also known as 
TncTiocepTialus dtspar is a bisexual worm with a simple 
developmental history The female is about 60 mm long 
and the male is somewhat smaller The anterior two thirds 
of the worm consists of a thin filiform process The posterior 
extremitj of the male is curved upon itself and ends m a 
rounded projection in which the vas deferens opens The 
eggs are oval and have a thick brown capsule wnth an opening 
at each end The parasite is much more commonly found 
in the inhabitants of tropical climates than in temperate 
countries No ill effect is produced by the worms Infection 



takes place by ingestion of the o\a and no intermediate host 
IS required 

Tnchinella spirabs is viviparous and requires two flesh 
eating hosts for development The females measure about 
4 mra in length and the males half that size Both have 
a pomted anterior extremity but taper to it gradually The 
pnstexjnr extremity^ of the male has two short caudal 
appendages, between which the cloaca lies Trichinosis in 
man is rare m Great Britain, but common in Germany and 
America The usual host is the pig, which may become 
infected by eating dead rats The rats carry on the infection 
by eating each other Man becomes infected by eating 
imperfectly cooked pork The larva are encysted in the pork, 
and when swallowed are set free m the stomach They become 
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^eMiiU\ mature m the upper part of tiie ‘‘mall intestine and 
copulate Liung emhntw are \oule<] into the mfe tine and 
thence travelling ha the h-mphatics thea find their xiaa to 
the striated niti<vJe Here Ihea become cne^j-^ted between the 
muscle fibre'* The adult \\oni» in the gut produce cerere 
h-emorrhage and diarrhtca The infection a <*enous one and 
the migration of the larva; into the mu'cle*! is accompanied 
ba considerable disturbance and local pain A v ell marke<l 
eoeinophilba ls present in the blood 
Strong>lid 2 e Ra far the mo t important of the«c noms 
found in man is the aneaJo toma (linemans) 

Anc^Iostoma duodenale is a nematode norm which has 
a ren w ide distribution and causes serious sa-mptoms There 
are two di tmoh^species of ancalostoma 4 duodennk and 



-1 bra t[ien.*e fn addition a vera siiiular parasite \eearor 
Aniencanm has a wide distribution but l. not found in 
Europe and is le^s common m H^aTit than 4 duodenak 
In ^ duodenale the female t. 10 to 13 ram long and the male 
is somewhat shorter Tlie anterior extreniitv of each i 
rounded and the buccal canta is guarded ba 4 incurved 
spines The posterior extremity of the female is pomted 
while that of the male ends in a membranous expansion 
from which 2 long spicules protrude The eggs are oaal witli 
a vera thm transparent and colourless shell Segmentation 
of the contents has commenced when tbrr Teach the fieces 
’ or 4 cells being vuible In A americanm and 4 bra slien^f 
the w onus are smaller and there are other minor differences 
Tlie worms are exfremelv wideh distributed in tropical and 
subtropical countries but m Great Britain are confined to 
j laces where suitable climatic conditions exist for the develop- 
ment of the oaa Tlie infection is found amongst workers m 
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the metalliferous mines of Cornwall hiving been introduced 
from foreign countries An extremely se\ere anaemia accom 
panied bj a considerable eosmophilia follows the infection 
The idult worms hve m the small mtestme of man being firmly 
attached bj their heads to the mucous membrane The o\a 
pass out m the stools The larvae hatch out under favourable 
circumstances m about 2 dajs The full grown larva is 
produced from the o\Tim m about 10 dajs and after moulting 
three or four times becomes a sexless individual moving freely 
m a clntmous sheath The o\a are not infective the full 
grown larvm are 3Ian becomes infected in one of two ways 
either the larvai are swallowed a method which is probably 



I IQ 17 — An jlostoma D odenalo \nter or and Poster or Lxtrem ty 
of Male Poster or Estrem ty of Female Ovum Natural S zo 


the less common or they enter throi^h the skm causmg a local 
erythema or urticaria then pass to the lungs causmg bronchial 
catarrh and finally find their way to the stomach The 
diagnosis is made by the finding of the oa a in the feces If 
the li\ e ova are meubated they w dl be found to contain larvae 
in about 24 hours The adult wom^ are rarely seen in the 
feces 

Ascaris lumbricoides is the common ro md worm of man 
and has an extremely wide geographical distribution The 
female is from 20 to 40 cm long and the male about two thirds 
that length The heads of both sexes have 3 promment lips 
2 ventral and 1 dorsal The tail of the male worm is strongly 
curved m a ventral direction and 2 fine spicules extrude from 
it The worms are commonlj found m pairs m the small 
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intestine and m the great majontj of caics cause no symptoms 
The^ occasionally houever wander from the intestine and 
ma^ make their naa up the common bde duct into the gall 
bladder or into the liver and more rarely ha\e been found in 
the pancreatic duct Tho worms are onlj from time to time 
passed in the fTcces but the diagnosis can readilv be made as a 
rule b\ finding the oa a which lia\e a characteri'stic appearance 
The o% a are fair]} large measuring 0 05 by 0 0" mm and are 
more round than oval The misegmented oa um has a thick 
transparent colourless shell n Inch it does not compJetel} fill 
The shell is nearlj always coated with a rough granular 
albuminous material of a broun colour Tlie unfertilise 1 on 
contain refractile globules Tlie embryos develop in a mokfc 
atmosphere at room temperature in from 30 to 40 da\s and 
can remain alive for long periods The life historj is simple 
the ova containing the 



embrjos are mgasted 
the capsules are dis- 
fiohcd and the free 
Jaraai reach matuntj 
m the intestine in about 
5 w eeke 

Somew hat similar but 
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casjonall} found in man 
Oxyuris \ermiculans or Enlerobnts vtnniculana is vulgarlv 
known as the thread worm and is a common parasite of man 
and particular!} of children of the poorer classes The female 
la about JO mm long and the male about half that length 
The tad of the female is straight and pointed that of the 
male is curved and rounded The two seves live and copulate 
m the small mtestme The fertilised females lea\e the males 
and travel dounTrards to form large congregations in the 
cipcum appendix and a«cendmgr colon where thea re ide until 
the ova are nearl} mature The females then set out on their 
travels again pass down the rectum and appear at the amis 
The oaa are deposited on the mucous membrane and skin of 
the anus and perineum The wanderings of the avornis and the 
imtation of the ova and of the lara 'c w hich ma} e'caiie from 
them cause considerable penneal itching The child scratches 
Its perineum and coniejs the oaa to its mouth or no=e or to 
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the face of its neighbour The ova lose their capsules in the 
stomach, and the freed embryos reach matuntj m about a 
fortnight Fertilised females containing mature eggs are often 
swept out M ith the ffeces and the diagnosis is made by detecting 
them in the stools The free ova are rarely found The ova 
are of about the same size and shape as those of ancj lostoma, 
and arc enclosed in a thin capsule They are hovever, 
distinctly flattened on one side and at the time of passage 
contain a uell developed embryo 

Dracunculus medmensis is a common parasite m India, Africa 
and South Amenca The female worm is thread like and some 
30 inches long The much smaller male norm has been found 
in the muscles and connective tissues After fertilisation the 
female vorm migrates and pierces the skm m the most con 
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venient position for depositing its embryos m water The 
skm IS thus most commonly punctured in the neighbourhood 
of the foot or if the host be a water carrier the back The 
embrjos are ingested by a cj clops in which they undergo 
further development In the larval form they measure 1 mm 
m length and are ingested by man finding their waj to the 
connective t^sue to complete their development into the 
adult form 

Filanidae The most common embryo of the nematode 
worms which may be found m the blood of man is that of 
F noctuma {F bancraflt) The parent worms live in the 
IjTiiphatics of the limbs or trunk and pass their young into the 
lymphatic stream and so into the blood The parent worms 
by blocking the Ijmphatic circulation, raaj give rise to 
elepliantiasis, or, in the rare cases in which they are located m. 
the bladder, to chjluna Most commonly, however, they give 
rise to no sjTnptoms Tlie embryos apjiear in large numbers in 

11— a 


164 


TV:^Ql—PWTOZOA ETC 

the pcnphen] blood at night and danng the da^timo retire to 
the heart and large ve^«=els The embi^o^ in the blood are 
enclosed jn a sheath from which tbej cannot escape but within 
^hich thej can move The embrjos are sucked from the 
blood bj the mosquito and in its stomach get nd of their 
sheath Thej sub’^equentlj bore their v aj through the stomach 
wall and pa«s into the thoracic mii«cles where the\ undergo 
further development The worm then works its waj into the 
probo«cis of the mosquito and so passes again to man Those 
filari'e the embrjos of which are found m the peripheral 
circulation of man are Tepre«ented by three mam species T 
noclnmn Ixxi loa {F dxuma) and Aeanthochexlontma ‘perslans 
The adults of Loa loa are found under the skin and about the 
orbit tho«e of A peraians ma\ be present in the mesentery 
the retro peritoneal tissues and m the pencardium The 
embrj 01 of all species should be looked for m the fre«h blood 
and m stained preparations made from comparatively thick 
films Intheca«eof/’ tiocfiinut the blood should be examined 
betu een " o clock at night and 7 o clock in the morning The 
embryos are ea«il\ recognised (Plate \*I p J60) and should 
be sought for under a low power {eg | inch objective) of the 
microscope For the differentiation of the vanous species the 
student should refer to works on tropica! medicine 

0>a For the routine examination of parasitic ova in the 
st ools a com enient method is as follows "'lake a thick emulsion 
of f-eccs with a concentrated solution of sodium chloride 
Fill a straight fiat bottomed tube — ^uch as a sputum tube — 
to the top w ith the emuNion Rest a slide on the top for fi\ e 
numites Gently remove the shde and cover with a glass 
the emul ion adhering to the slide Evamme wath a f inch 
and then | inch objective 

Arthropoda 

Among the arthroixida the ineccta cnistacca and arachnida 
plav important parts m the dissemination ofdi ease and manv 
of them are referred to in the description of those infections 
vnth which thev are associated It is onlv possible here to 
give a brief account of the more common arthropoda parasitic 

for man ^ r 

Sarcoptes scabiei of the order acanna is the parasite of 
scabies or Tiilgarlj itch The diagnosis of <his common 
condition should be confirmed bj the terj simple CTamination 
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needed to demonstrate the causative parasite On the skm 
and usuallj betw een the fingers is seen a thin greyish black 
raised line about J inch long forming tlie burron produced by 
the female acarus as it travels from the surface along the skm 
The burrow is dissected out with a surgical needle and at the 
extremity furthest from the pomt of entrance is found a small 
black speck just visible to the naked eye and evident under a 
hand magnifying glass as the female acarus At mtervals 
between the female and the surface are found the ova The 
male acarus does not Iea\e the surface of the skin and is in 
consequence rarely observed The female acarus examined 
with a low power of the microscope is seen as a somewhat 
rounded oval body with eight limbs The anterior four limbs 
are armed with suckers the posterior four with bristles The 
male acarus is similar but smaller The ova may be detected 
bj dissecting out a portion of the burrow and mounting it m 
salmo or weak potash on a slide with a cover slip over it The 
o\al eggs with a more or less developed contained embryo 
must be distinguished from the cpithchal cells of the skin with 
their angular shape and central nucleus 
Pediculi These parasites are remarkably particular m their 
habitat Different varieties affect different parts of the human 
body and practically never transgress upon each other 8 
domains Moreover the pediculi of some animals will not 
pass to other species of animals for example the common 
bodj lice of dogs do not attack man The special body hce 
of man are named according to their distribution Ped%culus 
corporis Pedtculus capttts and Pediculus pubta 

Pediculus corporis infests the trunk and the body clothing 
It is the largest of the human pediculi being about 3 mm 
long and readily visible to the naked eye The ova are laid 
upon the hairs or the clothing Pedicithis corporis as js the 
case with the other pediculi has six legs armed with shoit 
claws It attacks adults more commonly than children 

Pediculus cajMtis is confined to the hairyf scalp It has a 
similar shape to Pediculus eorpons but is not so long The 
numerous white ova or nits are attached to the hairs and 
form very conspicuous objects while the adult parasites can 
readily be seen on close inspection moving among the hair 
roots The infection is extremely common especially among 
children with long hair Adults particularly women of the 
lower classes are by no means exempt 
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Pediculus pubis or Phfhtras pubts is shorter and considcrablv 
stouter tlnn cither of the two former species It is ihout 
1^ mm long Its shape has earned it the euphonious name 
of ‘ crab louse The o\a are bronn and are attached to 
the hairs in the same manner as thixe of Ptdmilm tapxUs 
Its range is almost entirelj confined to the pubic hairs but the 
hairs of the axillai and the ejelashes ma3 be exceptionally 
infected The spread of this }»rasite is usnalh b\ sexual 
intercourse 

Leptus autumnalis is an extremely common larva which 
attacks the human skin Its mlgar name is han est bug 
In manj coiintr} districts the parasite is \erj numerous on 
grass lands in Juh and August and attacks through thm 
clothing any part of the human body yihich may come in 
contact with the ground The minute parasite buries its head 
in the skin The hr\a is of an orange colour and 0 5 mm 
long It IS properly parasitic on moles and hares and dies on 
man in a feyy dajs The adult form is unknown 

Demodex folliculorum This common pirasite of the hair 
follicles aiul sebaceous glands is rareK seen because of its 
minute size and usually harmless habits It is from 0 3 to 
0 i mm in length has a mouth adapted for sucking a thorax 
proyided with four short legs and a transversely striated 
abdomen The life cjcle is passed in the sebaceous ducts m 
any partoftheskin and particularly about the face and breasts 
A similar species of the dog is a cause of mange in that animal 
and maj be transferred to man The demodex maj excep 
tionally multiply in the Sleibomian glands and set up an 
intractable inflammation of the ejelids 
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IMMUNITY 

Recovery from bacterial infection is accompanied by the 
de\elopment of an increased resistance to reinfection with the 
same bacterial species This resistance to reinfection is spoken 
of as immunity it \aries both in degree and duration in the 
different bacterial diseases and from one mdi\ idual to another 
in the same disease W ith the onset of immunity the body 
fluids of the infected person can be shoivn to have acquired 
new acti\ities which we speak of as being due to the presence 
of antibodies The infecting agents which lead to the pro 
duction of the antibodies are called antigens 

^^e have little e^act knowledge of the chemical nature of 
antibodies but they are closely united to the serum globulins 
from M hich they cannot be separated and it is possible that each 
one of the \ery numerous antibodies which may appear m 
disease may derive their specific properties from a particular 
rearrangement of the globulm molecule The specificity of 
the reactions between antigens and antibodies la precise and 
these reactions known as immunity reactions can be demon 
strated in iitro by a number of methods which include 
precipitin agglutinin and complement deviation tests 

Agglutinins These antibodies result from bacterial infection 
and resemble the precipitins which appear in the senjiii 
following the parenteral injection of proteins The reaction 
can be demonstrated by mixing together a saline suspension 
of bacteria with the serum containing its specific antibody 
The bacteria run together into clumps forming larger and 
larger aggpegjites which finally fall to the bottom of the tube 
m the form of obvious floccub leaving a clear supernatant 
fluid Control suspensions without serum retain their original 
homogeneous opaciti Electrolytes are essential to this 
and all other immunity reactions which appear to depend 
on the union of antigen (bacteria) with its specific antibody 
and the precipitation of the resulting complex by the electro 
Ivtes Although the antigen antibody reaction is a specific 
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one bacteria contain more than one antigen concerned in the 
phenomenon of ngglutmation Man> of the flagellateiJ bacilli 
are hnoam to ha\e two such antigens or agglutinogens called 
the H and 0 agglutinogens Of the-sc the H antigen is derned 
from the flagella the 0 from the bacterial bodies the former 
gmng rise to a loo'e diffuse clumping due to entanglement of 
the flagella the latter to a fine granular deposit resulting from 
the clo-se packing of the bactenal bodies There are other 
differences between the H and 0 fractions the flagellar 
agglutinogen being themiolabile and ta^pe specific the somatic 
thermostable and species specific further the somatic agglu 
tmm appears earlier in infection than the flagellar The 
reaction of the agglutinins to heat is the reaerse of that of the 
agglutinogens the somatic agglutiiim being thermoLahile and 
the flagellar thermostable Different bactenal strains contam 
the tuo agglutinogens m aarjang amounts and m the ca«e of 
the taTphoid bacillus a strain knorni as T OOl fias the “omatie 
agglutmogen onlj The scrum from a case of infection bj any 
of the ta^phoid group will thus agglutinate T ool at an earlv 
period of the <bsea«e but will on!} give the flagellar agglutina 
tion ulth the specific infecting organism This occurrence in 
the same organism of one agglutinogen common to a bactenal 
group in addition to the tvpe-specific agglutmogen maj 
account for the \\cil Fehv reaction m t}-phus (p 142) 

The use of agglutinins in diagnosis In making use of 
agglutmins in the diagnosis of disease it is insufficient to 
demonstrate their presence but alwajs e^ential to estimate 
their amount and sometimes necessar} to investigate their 
kind avhether flagellar and t\-pe specific or somatic and 
species specific The amount of a^lntinin m anv serum ls 
judged by progressive!} diluting the serum until the greatest 
dilution capable of agglutinating the bactem is armed at 
The application of the test is iieces^arih limited to tho c 
infections m winch agglutmins are produced in appreciable 
amounts and anth reasonable rapiditv For example m 
staphylococcal and coliform infections little or no agglutuiin 
IS commonh produced and m cholera the specific agglutinin 
IS manifest only after recover} from the attack In chmeal 
patholog} the agglutinm test is of particular ralue ui the 
mvestigation of typhoid and parataphoid fevers the bacillary 
dysenteries and the Brucella infections 

The aggluhnxn^ in typhoid and paratyphoid Jeters The 
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estimation of the typhoid agglutmm la knoMTi as the Or&nbaum 
II tdal reaciion and is of the greatest use in diagnosis in this 
group of fe\er8 , tlie commonest infecting agent is B Ujphosus 
but infections uitli B parat^/Aosiis B, and Jess commonly 
B paralyphonts A are often met unth Mixed infections due 
to one or more of the group also occur While in civil practice 
in England tj’phoid infections are becoming ptogressivelj less 
frequent clinical experience of these diseases becomes limited 
and the necessitj for laboratorj aids in diagnosis remains 
Distinction between the typhoid and paratyphoid infections 
cannot be made on clinical grounds alone Such minor 
differences as the more profuse rash and the milder course 
of the paratj'phoid fevers are matters of degree and too 
inconstant to be of much aid in an individual case The 
reaction is not often entuel> negative after the first 10 days 
of the fev cr and it is most exceptional to meet v, ith an example 
of one of these infections in \\ hich the reaction remains negative 
throughout provided that the test is properlj earned out 
and the organisms used are true to type and agglutinablo by 
type sora A positive reaction is definite evidence of past inocu 
lation or of infection past or present bj the bacillus It is 
found m persons nho have received prophylactic moculations 
and m tj^ihoid carriers The former will often react 2 \ ears 
after the injection and sometimes manj } ears after the latter 
are commonlj those w ho have recovered from the febrile state 
but continue to harbour — possibly for the remainder of their 
bves — bacilli m their bodies usual!} mthe gall bladder With 
these tv\o exceptions a positive reaction is diagnostic of the 
disease but is rare!} obtained before the end of the first or the 
beginnmgofthe second week though an appreciable mcrease m 
the agglutinins is usual w itlun the first 4 or 5 dajs of the onset 
of 8} mptoras The reaction usuall} remains positiv e throughout 
the course of the disease and for some weeks or even a few 
months after the temperature has become normal A partial 
reaction may persist for a jear and aoraetunes for much longer 
In the tjphoid and paratj'phoid infections there is usually 
a rise m the agglutmm titre for the group bacteria as w ell as 
for the actual infecting organism owing to the presence of 
the common somatic agglutinc^n, but this is overshadowed 
by the much greater nse in the specific agglutmm for the 
infecting bacteria The laboratory diagnosis of typhoid or 
paratyphoid fever in the case of moculated persons is more 
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difficult, but can usuallj be armed at by one of tea methods 
or a combination of them both The one method necessitates 
a senes of tests m order to determine the fluctuations, if any, 
m the titre The inoculated person ulio acquu'es a fever 
other than tj'phoid has a constant titre in his serum or 
the titre not uncommonly falls Tj-phoid in the inocuhted 
^rson nearly alwajs prorluces an appreciable rise in titre 
The other method depends i^pon the obsenation that the 
agglutinin rise after inoculation is mainl> of the flagellar t3-pe, 
and in tj'phoid infections very largely of the somatic type 
a test organism treated by heat or alcohol to remove 
the flagellar agglutinogen or a stram such as T ^iOl, which has 
only the somatic agglutinogen, the mociilated person’s serum 
has little or no action unless typhoid infection supervenes 

The reaction is of less value as a basts for prognosis , a mild 
case of tvqihoid fever may never give a strongly positive 
agglutination test and fatal cases may or may not react 
strongly 

In the very early stages of tVTvhoid fever the diagnosis 
should be made by the isolation of the bacilli from the blood 
(p 119) m the later stages, if tbeagglutmation test isdoubtful, 
the bacilli may bo obtained from the faeces {p 387), or less 
frequently from the urine (p 388) ^ 

The aggluUnina in diseases other than typhoid fever Mixed 
infections ote met with in all v\ater borne diseases derived from 
faical contamination Typhoid, the paratyphi^id and Gaertner 
bacilli may be pre«ent together in a contaminated article of 
diet the ingestion of which might lead to acute food poisoning, 
temporary recovery, and, after a period, typhoid fever The 
serum from such a case would contain agglutinins to all the 
bacteria involved, and their presence could be demonstrated 
bv earning the senim dilutions to th.ee\trDnie point at which 
agglutination for each organiiim is detected Non specific 
agglutinins for allied bacteria may al&o be present, and a clearer 
recognition of the causative organisms concerned may be 
obtained by absorption methods which enable the sjiecifc 
agglutinins for each organism to be separated and estimated 
Thick suspensions of the bacilU are added to equal volumes of 
the serum incubated for 2 hours at 37® C and centrifuged 
The supernatant fluid vnil then be free from agglutinins for the 
organisms w ith w hich it has been meubated, and can be tested 
for agglutinins against the other members of the group 
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In the case of single infections by anj one member of i 
closely allied group such as the Salmonella group, similar 
absorption tests maj be necessary in order to identify the 
infecting agent 

Dysentery of the bacillary variety and such of the intestinal 
affections as ma\ be caused by one or other of the dysentery 
bacilh give rise to specific agglutinins in the blood The 
agglutination test with the serum of dy’senteric patients is 
conducted m exactly the same manner as is the Grunbaura 
Widal reaction The amount and the activity of the agglutinin 
present in dysentery commonly fall short of that produced in 
typhoid fever and it is exceptional to meet nith a senim 
capable m dilution of 1 in 50 of completely agglutinating one 
of the strains of dysentery bacilli m less than 1 hour The 
dysentery bacilli differ from each other m a manner similar to 
the paratyphoid bacilli the most w idespread infecting agents 
of bacillary dysentery are those first described by Shiga m 
Japan and Flexner in Amenca Other dysentery bacilli are 
referred to on p 121 A^Iutination reactions in suspected 
bacillary dysentery should be performed with both B Flexner 
and B Shxga and preferably with the V W X Y Z bacilli 
in addition 

Food jioisoning Gaertners bacillus and the Aertryck 
bacillus are commonly met with as the causative agents m 
food poisoning The diagnosis rests upon the I'solation of the 
organism and the demonstration of agglutinins in the blood 
of those affected 

Brucella infections The oiganisnis producing Malta fever 
tularemia and the undulant fever cau<ied by Br abortus are 
described on p 116 In all of these infections attempts should 
be made to cultivate the bacilli from the local lesion if one is 
present, from the blood stream or from the urine It often 
happens that the diagnosis is not suspected until a hte period 
of the fever and blood culture may be unsuccessful. 
'E'Qst'Awi.W.y tsfcee. is, tiiA 

test may be the only means of making the diagnosis There 
13 considerable cross agglutmation between the three members 
of this group and it js particularly important that the test 
organism used should also be tested against both a known 
anti serum and a know n normal serum A properly controlled 
positive reaction is definite evidence of infection by one of the 
group 
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Typhus feter The relationship of th,? disease to the 
nckettsia- and to proteus baalli has been referred to (pp 14 '’ 
and lOS) The agglutmalmn test with the proteus biciUi n 
hnorni as the \tcU Felix reaction and is positive m some 06 

percent ofcases The agglutinins appear about the fourth day 

of the disease and the serum eoramonl} reaches a hn^h titre 

I mis diseases In the majont> of aims infections e\idenee 
of immunitj is usually sliouai complement deviation tc'ts 
but m the ca'^e of small pox flocculation tests are specific and 
of aalue The antigen empIo>ed a obtamed from the crusts 
of the patient s i elides and the antibodv fnjni the «enira of a 
Inper immum«ed rabbit 

The agglutinins as evidence of infection The i-solation of an 
organism from some part of the bod\ is not of itself evidence 
that the organism is actually producing clisca^e It may 
aI«o happen that a bacterium not generally recognised as 
capab/e of prod\icing <fisea«e ora mixture of fioefena amongst 
which the infective organism is in doubt be isolated in 
cultures from a le«ion or from the excreta or from one of 
the body fluid« In such ca«es and partioularlj Tihen the 
organism m question is a member of the eolon or tjphoid 
group evidence of the mfectivitj of the bacterium may be 
sought for bj examining the agghitmating power of the 
patient s eerum upon it together with that of tlie serum from 
a normal per«on The presence of sgghtiniiia m the serum 
m greater than the normal amount for the organism i-olated 
IS evidence of actual infection bj that organism Absence 
of agglutimn for the organism is no evidence against its 
infectivity smee some bacteria give rise to httH or no agglutinin 
in the blood even when they are undoubtedly producing 
disease Infection of the urinary tract vntli the bacillus coh 
for example eomraonly produces no apphecjabJe use in 
agglutmm for this bacillus 

The agglutinins as a test for an organism Ju^t as a patient 
with an unknown disease may be proved to b^ mfected with a 
knovin organism by the demonstration of agglutmms m hi« 
serum for that organism so a reversal of the process the 
testing of an unknown organism with a knowii gerum mav be 
adduced as a proof of the nature of the organism In any 
of the typhoid or brucella group infections the nature of a 
bacillus isolated from the blood can be imniediatelj tested 
M ith a known antiserum and the identification of the organism 
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can be more certamlj and more rapidly determmed than would 
be possible if its recognition depended upon cultural reactions 
The u'e of agglutinating sera for the identification of bacteria 
IS most commonly practised m typhoid and paratyphoid fevers, 
in bacUIary djsentery and m brucella infections 
Aho m lobar pneumonia it is of value to know the type of 
pneumococcus present, both for prognosis and for treatment 
bj the appropriate «erum One method, vhich can be carried 
through in 24 hours, is to inject a saline suspension of the 
sputum into the peritoneal cavity of a mouse, which is usually 
dead on the follow mg day The peritoneal fluid is centrifuged 
slowly to remo^ 6 the cells, then rapidly to drive doivn the cocci 
The cocci are suspended m fresh saline and tested for agglutina* 
tion against known sera of Types I , II and III 

A simple and more rapid method of tjpmg pneumococci is 
given on p 239 

Agglutinins are thus of great value in the identification of 
bacteria, and it is coniement to keep in the laboratory ice 
chest antisera to the typhoid paratyphoid, food poisoning 
and brucella group bacilli as nell as to the three tjpea of 
pneumococci Such sera can be obtained from any reliable 
source, and, if care is taken to prevent contamination, ’aiU 
retain their agglutmating properties almost indefinitely. 

The technique of agglutination tests The reaction may bo 
carried out by a micro«copic or macroscopic method 

The microscopic method and the materials required for it are 
as follows Serum tubes, Wright’s capillary tubes and rubber 
teat, hollow ground ahdes and vaseline, cover glasses, normal 
saline, watch glas«es, a bowl or small hand basm containing 
carbohe acid (1 m 20), and a 24 houre-old culture of typhoid 
baeiUi on an agar slope 

The Wnght’s tubes and the serum tubes can readily be 
made from glass tubing with the aid of a blow pipe , the glass 
tubing should lia\e an outside diameter of i mch 

To male a 11 right’s tube, hold the glass tubmg with one hand 
at each end and heat it to a red heat as near to one end as it 
is convenient to hold it, contmuall^ rotating the glass As 
soon as the heated portion is freely malleable, remove it from 
the flame and separate the two ends evenlj , without force and 
moderatel} slowlj Fuse the terminal portion of the capillary 
jiart of the tube m the flame As soon as the gla«s is cool 
enough to hold repeat the process and make a senes of tubes 
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Lea\ e both ends of the tube scaled until required for use then 
nick ench end with a file and break them off The bulbous 
portion of each tube should be about IJ inches long and the 
capillary j>OThon about 9 mche«5 ITie bore of the°capi//arj 
part should be nearly equal throughout tapering aery slightly 
towards the cbstal end The tubes are readily made with a 
little practice the points requiring evpenence being the sue 
of the blow pipe flame the degree to which the glass is heated 
and the rapidit} with which the capillar} tube is drawn out 
The tencienc} is either to heat the glass msufficientl} and 
produce a short thick tube or to draw the ends apart too 
rapidlj and make the tube excessnely long and thin 
The serum lubes for collecting the blood are made m a similar 
manner but the bulbous portion 13 left longer (about 2 inches) 
and the capillarj part 13 made shorter and burnt through at 


exo 

Fio "0 — Serum Tube irnghtsTube Rubber Teat 

its centre the distal half being left to provide the capillarv 
portion of the ne\t tube drawn out 
To obtam the serum cleanse the patients thumb with ether 
ind let it drj If the hand is cold place it in hot w ater and dr} 
thoroughly ^^ind a piece of fine nibber tubing round the 
thumb from the base nearl} to the nail W ith a surgical needle 
make a sharp deep stab at the side of the thumb in the line 
of the digital arter} Avoid the pulp of the thumb Having 
broken off both ends of the serum tube hold one end hghtl} 
in the drop of blood sloping the tube n verv little downwards 
Keep rotating the tube li\Tien the blood has all entered the 
tube la} the tube gently dov>Ti on a flat siu’face Ioo'=e the rubber 
tubing rub the thumb bnskl} with a drv swab reapply the 
tubing and continue to fill the tulre ^\lien the bulbous 
portion of the tube is about half full wqie the end containing 
the blood warm the air in the blood free end of the bulb 111 
the flame rapidl} seal the distal capillary end pause to allow 
the warmed air to contract and suck the blood out of the 
proximal capillary end and finall} seal tliat end also Stand 
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the tube in an upright position for about half an hour or until 
the serum has separated then centrifuge the tube at a moderate 
speed A simple alternative to this method is to take the 
blood from a vem with a needle and syrmge (p 224) One c c 
of blood IS ample for the test 

Slides for the hanging drops should be provided with a 
central circular depression but this is not essential To 
prepare the slides warm them in the Bunsen flame take up 
a httle \aseline on a glass rod warm the rod m the flame to 
melt the va'^elme and then draw the end of the rod round the 
circular depression m the shde leaving a substantial rmg of 
vaselme No aasehnc should be allowed to drop into the 
central depression 

The typhoid culture used is of considerable importance A 
reliable stram can be obtained from any known laboratorj or 
the bacilli maj be isolated from the Wood of a case of early 
typhoid fever (p 119) or from the spleen post mortem (p 234) 
From whatever source the bacilh are derived the culture 
should be exammed m two ways — the full cultural characters 
of the bacillus should be investigated (p 118) and the bacillus 
should be tested against a known positnc senim The 
readiness with which various-strauis of bacilli are agglutmated 
is not constant and a bacillus is exceptionally met w ith w hich 
has all the cultural characters of the typhoid bacillus but 
which IS not agglutmated by the most powerful sera A 
reliable strain of bacilh once obtained can often be subcultured 
over an almost indefinite period without change of character 
but its agglutmabihtj should be penodically controlled The 
subculture used for performing the tests should have been 
incubated from the previous daj on an agar slope Before 
making the susjiension put up a subculture on agar to preserve 
the stram To make the suspension add warm salme to nearly 
halfway up the agar slojie and replace the cotton wool plug 
Gentlj shake the tube until the growth is washed off into the 
salme and the latter has become distinctly milkj The strength 
of the suspension used is of importance and suspen'iions of 
constant opacitj should be aimed at IVben a faintlj milkj 
suspension has been obtained remove the cotton wool plug 
and drop it in the carbolic bowl Filter the suspension through 
a small filter paper moistened with warm salme and held m a 
pair of forceps over a watch glass Place the culture tube and 
filter paper m the carbohc and sterilise the ends of the forceps 
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m the Bun«en flame The object of filtering is to remove any 
clumps of bacilli which may be washed off as such from the 
surface of the medium The di‘«rete biciUi pass through the 
filter paper ° 

The reaction is then performed as follows —With a hhie 
glass pencil (or unth a pen and mk) make a mark on a right s 
pipette about \ inch from the end By means of the rubber 
teat which must fit tightly to the pipette drau up a volume 
of the blood serum to be tested to the mark admit a column 
of air and drau up 9 equal volumes of normal {0 So per cent ) 
salt solution leaving a small column of air between each 
volume Blow out serum and salme into a clean watch glass 
and mix thoroughly the serum is now diluted to 1 m 10 
Draw up a volume of the diluted serum to the mark and an 
equal volume of the suspension of bacilli Mix in a watch 
glass and transfer a sample drop with the pipette to the centre 
of a cover glass spreading out the drop so as to cover ibout 
one fourth the area of the glass Pick up the cover glass by 
pressing on it one of the ^aselme ringed shdes Turn the 
slide over Press doum the cover glass with a mounted needle 
over the whole circumference of the vaseline ring so that no 
air can gain admittance No raeeline should touch the hanging 
drop Mark on the slide the time and the dilution of the serum 
(1 m 20) Take another volume of the diluted serum m ^Une 
and 4 volumes of the suspension of bacilli "Mix and prepare 
a hanging drop as before The dilution of the eemm is now 
I m 50 Take a third volume of the diluted serum and 0 
\ oluraes of the bacillary euspen^ion and prepare a hangmg drop 
in vhich the serum is diluted 1 m 100 Make a fourth drop 
from a sample of the typhoid suspension to which no serum has 
been added and label the slide control Exammo each shde 
■with the microscope vertical and a i inch objective closmg the 
aperture of the diaphragm until the refractile bacilh are cleirly 
seen Observe at intervals the motihty of the bacilli and the 
formation of clumps Compare the drops contimmg serum 
with the control if the bacilb m the latter lose their motility 

or come together in clumjra the test IS valueless it is hmre\er 

rare to meet with a sample of typhoid bacilli which agglutmate 
spontaneously in suspension In a positive reaction between 
serum and bacilli the latter become motionle'^s and collected 
into compact masses easily visible to the naked eye few if any 
bacilh remaimng isolated between the clumps 4fter com 
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pleting the reaction place the slides (after partially slipping 
off the cover glasses), the capillary tubes, typhoid suspension, 
watch glasses, and everything uhich can possibly have come 
in contact with the bacilb into the carbohc basin and leave 
them there till the next day Make sure that no bacilh have 
been spilt on the bench, but if they have soak the bench m 
carbolic Wash j our hands after completmg the reaction and 
do not smoke ^ hile it is bemg performed * 

It is advisable in every suspected case of typhoid fever to 
repeat the reaction with paratyphoid A and B bacilh, usmg the 
same dilutions as for B typhosus If a double quantity of the 
origmal 1 m 10 dilution of serum in saUne is made it wull be 
sufficient for the three dilutions of each of the three bacilli 
The paratyphoid cultures are obtained and treated m the 
same waj as the typhoid culture Paratyphoid B cultures 
are more apt to show some degree of spontaneous agglutination 
and are more readily agglutmated by non specific sera m 
strong dilution {eg , 1 m 20) than the other members of the 
group 

The tnferpre/ahon. o/ the reaction is based upon the time taken 
for the completion of the reaction and upon the dilution of 
serum capable of produemg agglutination of the bacilh With 
a strong serum clumping maj take place within a fen minutes 
m the I in 100 dilution In a completely negative case no 
clumping occurs m the I in 20 dilution, and the motility of the 
bacilh maj even be accelerated Complete clumping m the 1 m 
20, partial clumping n ith incomplete loss of motility m the 1 in 
60, and little or no reaction in the 1 m 100 is a “partial ’* 
reaction The essentials of a posUite reaction are that clumping 
and loss of moUlity should be complete in the I in 50 dilution 
wtlhtn half an hour Such a reaction k the strongest possible 
evidence of typhoid infection Complete absence of reaction 
in the 1 in 20 dilution is strongly oppo'^ed to the diagnosis of 
typhoid in a febrile case of any duration A partial reaction 
IS often of assistance when tsken in conjaziction inik the 
physical condition of the patient, and in cases of doubt should 
be repeated after a few days’ mterval 

It may be stated here, and cannot be too strongly emphasised, 
that the deductions draim from anj pathological test should 

• ^everlaydownapipeoraeigarelteontbebencl) Never sit on a bench 
Never lea\e an unattended Bunsen burner alight Always wipe the oil from 
an immersion lens These are four simple rules frequently transgressed 

CUVICIL P4THOIOOT 12 
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ne^ cr be nnde from the test alone Tlie interpretation of the 
recults reqtures a knowletlge of the clinical comlition of the 
patient coupled mth an understanding of hon the te«t is. 
performed and 'uhnt it means 
T/ie macroscopic method iisiiaJIy empJoted is that of Drejer 
and permits of proportionate dilutions of the seniin and 
bacteria The serum dilutions are taken into small tubes m a 
metal stand and are made by the tlrop method The cizo of 
drop of anj particular fluid depends upon the external cabhre 
of the point of the pipette u'ed and standard dropping pipettes 
are supplied ivitli the outfit uhioh can be obtained from Messrs 
Baird &. Tatlock Hatton Garden EC To perform the te*t 
dilute the serum 1 m 10 b> placing 2 drops m a tube and 
adding 18 drops of saline Place fiae small tube’ m a metal 
rack and put 10 dropc of diluted ceruni in the firct 5 m tlie 
second 2 m the third and 1 in the fourth Hake up the rolume 
m each tube including the fifth (control) to 10 ilropc with 
saline To each tube add 15 drops of suspension of killed 
bacilli The pipette must be held \crtical in measuring the 
drops and after holding serum in am dilution it must bo 
dried bv u'achmg out with water spirit and ether m that 
order The rack is left m the water bath at 5C® C for 3 hours 
in the ca«e of a negatire reaction Tlie dilutions obtained are 
1/25 1/50 1/125 and l/2o0 

In a positire reaction clumps of bacilb visible to the naked 
e> e and readilj recognised n ith (he help of nrtificia I light and 
a dark backgroimd will form in tubes 1 to 4 and finally sink 
to the bottom leaving a clear supernatant fluid the control 
tube will remain erenlj turbid In tj’phoid fever the titre 
commonly ri«es above 1/250 in dj'^ntery it is often con 
siderablj below this figure 

The suspen'iions of bacilli u^ed are preferably made with 
dead bacteria and it js advisable to purchase suspensions of 
known agglutinability and strength Standard suspensions 
vv hich w ill keep for 6 months can bo obtained from the Depart 
ment of Pathologj Universitv of Oxford 
Zone phenomenon In titrating the agglutinin content of a 
serum it may sometimes happen that in one zone of the 
dilutions no agglutination of the bacteria takes place This 
zone IS usually occupied by the tubes containing the strongest 
serum and is most hkelj to occur with heated or old sem 
of high potencj In all agglutmin titmtions it is therefore 
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advisable to use a sufficient range of dilutions to exclude the 
possibihtj of error from this source 

Hsemagglutimns 

Red cell agglutinins are normal constituents of the serum, 
but, ovTing to their similarity to bacterial agglutinuis, are 
conv eniently considered here 

If human sera find washed red cells m saline suspension 
from a group of different individuals are brought m contact, 
it will be found that the sera of some persons agglutinate the 
red cells of others The red cell clumps thus found are seen 
as tightly packed masses 
under the microscope and 
are commonly visible with 
ease to the naked eje This 
agglutination of red cells may 
progress to actual hjemolysis 
tn iivo but tn titro lysis of 
the cells is rarely observed 
This mteraction between 
serum and cells is the basts of 
a classification of the human 
race mto four groups These 
groups in the Moss elassific 
ation are as show n in the 
table (Fig 21) ■ — 

In Jansky’s classification, which is widely u'led on the 
Continent, and has the claim of priority Groups II and III 
are the same as in the Moss classification, but Groups I and 
W are transposed 

More recently it has been customary to designate the blood 
groups by letters instead of numbers Group W (Moss) 
becoming Group 0, Group III becoming Group B Group II 
Group A, and Group I AB The letters correspond to the 
two cell agglutmogens A and B , the agglutmms of the serum 
are referred to as a and p Thus Group AB contains both 
agglutinogens A and B, but no agglutinin Group B contains 
agglutmogen B and agglutinm a. Group A contauis agglutinogen 
A and agglutirun P, Group O has no agglutmogen and both 
agglutmms a and p 

The inheritance of blood groups follow s the JlendeJian law , 
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and has some medico legal importance Parents of certain 
groups maj hare chddrmi of another group but A or B 
agglutmogen never occurs in the red cells of a child unless 
present m one of the parents Con«equentlj , if both parents 
are Group 0 or Jl* fMo^), the ohildren can only be of the same 
group Other inherited group lunitation'* can be easiJj deduced 
from the foregomg information an exercise which can be 
recommended to the student , for example if the parents arc 
both of Group II or A, the children cannot be of Group I or 
AB or of Group III or B 

The existence of the^ blood groups has an important 
bearing upon the procedure of blood transfusion Transfusion 
of a patient with blood, the red cells of which are agglutinated 
bj the patient's senim, cau‘^s immediate sj-mptom'’, such as 
djspncea preconbal pain, urticaria and later haimoglobmuria, 
and if Bufficient blood is gixen death may rapidly ensue 

It is essential therefore that the cells of the donor should 
not be agglutmited by the serum of the recipient Hence 
Group n (Mc«s) donors cm be used for am case m an 
emergencx 

It is honever preferable and, meases of long standmg grave 
an'emia essentnl that both donor and recipient should bo of 
the same blood group since agglutination of the patient's cells 
b\ the donor's serum may take place after an interval and 
came «eriou8 reactions 

Blood grouping Prospective donors or patients enn be 
groupetl beforehand as follows — 

■Materials required M right’s capiJlarj tubes slides and 
cover slips citrated salt solution, a iO-c c syrmge and sera of 
Groups II and III The sera of the known groups cm be 
obtained from any laige laboratorv, and it is often feasible to 
group sufficient of one's acquamtances to have iiidi^ iduals of 
the'^e groups at hand The «eri can be kept on ice for manj 
months 

Ten c c of blood are taken from the i ein of the prospective 
donor s arm and a note is made of the suitabilitj^ of the arm 
\ems for transfusion puiposes About 1 c c of the blood is 
added direct to about See of citrated salt solution («odJum 
citrate, 0 85 per cent , «odium chloride, 0 85 per cent , in 
distilled water) The remainder of the blood is put into a 
test tube for the IVassermann test (p I'JO), which should bo 
done in ever} ca^e 
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With a Wnght’s tube and teat take up one volume of the 
Group II. serum and one volume of the citrated cells, mix, 
seal the tube, remote teat, and mcubate for 15 minutes at 
37° C Break off the end of the tube, replace teat and expel 
contents on to a slide Cover mth a glass and examine under 
the microscope, using a f mch objective Repeat with Group 
III serum 

Agglutination is usually obvious to the naked eje, and 
doubtful readmgs under the microscope are unusual A 
reference to the table (Jloss) enables the unknown red cells 
to be allotted to their proper group Thus if the cells are 
agglutinated by Group III serum, they must be either of 
Group I or Group II , if the former they will be agglutmated 
by Group II serum, if the latter they will not 

Once an adult donor has been grouped the allocation may 
be regarded as permanent In grouping the patient a sample 
of the serum should always be taken as weU as the red cells 
Havmg obtamed the patient s blood group from the red cell 
examination and sent for the appropriate group donor, any 
possibility of error should be excluded by cross grouping, and 
two preparations should be put up, one of the patient’s serum 
with the donor’s red cells, the other of the patient’s cells 
with the donor’s «erum There must be no agglutination m 
either preparation In cases of emergency and when standard 
sera are unavailable it is permissible to proceed as follows — 
Take a small quantity of blood from the patient's finger 
mto a Widal tube and allow it to clot Take a few drops of 
blood from the donor’s finger into citrated salt ilix a volume 
of the patient’s serum with the donor a red cells in a Wnght’s 
tube Stand at room temperature for 10 minutes and examine 
on a slide If no agglutination occius the transfusion can be 
proceeded with 

Blood transfusion is the most suitable procedure for replacing 
blood lost It 18 called for after severe hsemorrhago from 
large vessels, but only if the bleeding points can be controlled , 
as a preliminary to operation likely to be attended by shock 
or loss of blood , m patients with severe anaimia, due to previous 
blood loss or sepsis, and as a temporary measure in such 
morbid states as pernicious or aplastic amemia Transfusion 
by blood of the correct group may be followed by imtoward 
symptoms, such as vomitmg, fever and ngors These may 
usually be avoided by stnct attention to details of technique 
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^nd p'lrticul'irlj if citnted blood is «<^d to the following 
TJie sodmin citnte must bo cbeinicalfi pwre mid sterile the 
Mater must be freshlj distilled and recently sterilised (an 
incredible superstition is prevalent among nurses and even 
medical men, ulucli ascribes |>cmianeiifc stenhtj to ivater 
distilled into imcterUi-^l flasks or e% en open % esseJs) It is 
further mo'^t important tbat no clotting should take place in 
the donor’s blood uhether precautions are taken to prevent 
the<=e clots passing into the recipient’s vein or not This 
entails that the operation of transfusion should go smoothlj 
and, simple ns is the process, it frequently happens that some 
hitch occurs , consequently it is advised that no one, except 
in case of emergency, should attempt a blood transfusion 
unless he has Matched at least once an experienced person 
performing it 

Tlicre are tMo main methods of performing transfusion 
The whole blood may be taken into a vessel coated with 
jnrafiin such as a Kimpton’s tube, or the blood may be 
citrated The latter method is de«cribed here The simplest 
apparatus to u«e is that of Keymos, which can be put 
together m any laboratory or obtained from Messrs Allen and 
Hanburjs Wigmore Street It consists of a flat bottomed, 
narrow necked litre flask provided with a side tube A rubber 
cork IS fitted to the neck and pierced to allow the passage of a 
gh'S tube which reaches from the bottom of the flask, passes 
tlirough the cork and is bent over to connect with an air lock, 
to the further end of which is fitted nibber tubing The side 
tube IS connected by press>urc tubing with o short length of 
glass tubing contammg cotton wool to act as a filter, and a 
rubber bellow s is fitted to the distal end of the filter The 
needle used for the donor should be, ns a rule, stouter than that 
for the recipient, and its lumen should have a rharaeter not 
exceeding 2 ram Needles for both donor and recipient mu«t 
liave pomts with short bevels and sharp cuttmg edges, and 
w ide siiocifcfefb t<3 Ht tks inhirtg 

The tubing attached to the recipient’s needle should be of 
sufficient length and fastened with an easily detachable chp 
just above the needle 

To take the blood proceed as follows Remove bellow cork 
and glass tubing from flask Pour mto flask 50 c c sterile 2 per 
cent codtum citrate solution (if apiwoxiinntely 450 c c of blood 
are to be taken) Lightly plug flask with sterile gauze 
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ind stand jt jn a basin of warm water on a ]ow table or 
stool 

The donor — preferably lying on a couch — has adjusted round 
the upper arm a tourniquet or if available, an air band, 
which permits of adjustable pressure bemg made with a pump 
The skin is painted with iodine the tourniquet is tightened 
and the vem made as hard as possible The gauze is removed 
from the flask the tubing inserted (both needle and tubing 
havmg been previously sterilised) the gauze plug is laid o\ er 
the neck of the flask and the needle is plunged m an upward 
direction through the skin into the vein ^Vhen the blood 
flows from the needle the tourniquet is loosened the metal 
junction IS fitted into the needle and the flask is kept gently 
and constantlj rotated to prevent clotting The blood should 
flow readilj otherwise clotting will occur and by periodically 
applying moderate pressure with the tourniquet 450 c c can 
be collected in about 10 minutes Tlie tube is then removed 
and the flask plugged The blood should be used at once but 
can be kept for 12 hours or more on ice 

To give the blood Insert deUvcry tube and rubber cork into 
flask Fill rubber tubing through barrel of air Jock with warm 
sterile normal saline excluding air bubbles and cbp close to 
metal junction Fix air lock barrel to glass dehvery tube and 
note that the bottom of the tube reaches the bottom of the flask 
Fix rubber bellows to side tube of flask Gently rotate flask to 
mix the blood Place tourniquet on recipient e arm and msert 
needle m the same way as for the donor Remove tourniquet 

\Vhen the blood flows from the needle remove clip from 
delivery tube fix metal junction and pump gently The 
citrated blood passes up the glass tubing flows over into the 
air lock the barrel of w hich should remain about half full If 
the needle is m the vem the blood flows steadily if outside a 
swelling appears m the tissues round the needle Care is 
taken to keep the lower end of the dehvery tube always below 
tlie level of the Svid in the Sask and a constant watch is kept 
on the air Jock After insertion of the needle in either the 
donor or recipient s vem the shoulder of the needle is held m 
position with the fingers throi^hout tbe operation 

In addition to the normal mtecaction between the sera and 
cells of different individuals two pathological phenomena m 
which agglutination or hieraolyxis occurs m the individual may 
be referred to here 
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Autoagglutination is a rare occurrence resulting in the 
agglutination of the patient’s red cells in his ottn ph<!nm at the 
moment the blood is shed, and is not connected with anj 
specific morbid state In a Aiell marked example the condition 
IS readily detected On pncLing the lobe of the ear almost a 
clear plasma exudes, having suspended in it agglutmated 
masses of red cells A blood count m such a case is quite 
impossible 

Parox) smal hsmoglobiouna, ibUou mg exposure to cold, and 
frequently associated Tnth syphilitic mfection, has a specific 
h 8 emol 3 Sui in the serum tihich can be demonstrated m the 
foUowmg waj Blood is taken from the x em and immediately 
clotting has taken place the serum is separated and placed on 
ice for 6 minutes or longer On subsequent removal it is 
mixed with the washed red cells either from the patient or a 
normal mdiridual and placed m the meubator at 37® C 
Hairaoljsis then occurs The citrated blood of the patient 
may be placed directly on ice, and subsequently meubated, 
uhen marked biemolysia occurs but if the whole blood is thus 
u«ed the stay on ice must not exceed 6 minutes 


OPSONINS 

The nature of opsomns Op&onins were shown by right 
to be substances present in the blood Inch have the property 
of actmg upon bacteria ui such a manner that the phagocytes 
are able to mgest them Opsomns arc present m considerable 
amount m health , they may be either mcreased or diminished 
as the result of infection Ojisonuis are for the most part 
destroy ed by heating the serum to 60® C and also by keeping 
it , they thus differ from the agghitmms, and closely resemble 
the complement of normal serum 

The opsomc content of a serum is estimated by mcubating 
together a suspension of bactena, washed normal leucocytes 
and the serum to be tested After mcubation stamed films 
are made of the mixture, and a given number of phagocytes 
are emmted together with the number of bacteria mge«ted by 
them If this is repeated with a normal mstead of the patient s 
serum the opsomc index can be estimated The mdex lo 
rarely used now either as a gmde to treatment or as a means 
of diagnosis, and there is fairly wide agreement that actual 
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variations ui the index m disease are, on the nhole, less than 
the variations essential to the technique of the test 

ANTIGEN— ANTIBODY— COMPLEMENT REACTIONS 

There are a number of immunity reactions which, in diagnosis 
are known as complement deviation tests They depend upon 
the specific interaction of antigen with antibody, and the 
subsequent Imkmg up of the non specific complement The 
adsorption or Imkmg up of complement is demonstrated by 
the addition of sensitised red cells 

Complement is the non specific thermolabile substance 
present in all fresh sera It can be destroj ed by heating the 
serum to 56° C , or adsorbed upon any particulate substance 
added to the serum 

Antigens are substances capable of produemg antibodies, 
thus toxins gi\e nse to antitoxins, bacteria to bacteriolysms, 
red cells to hsmolysms To act as an antigen a substance 
must haie chemical complexity, and it is probable that all 
antigens contam protem molecules Further, antigens must be 
given parenterally, that is, by some other route than the 
alimentary tract Immunisation to some substances given by 
the mouth is practised, but can only be successful if the antigen 
BO given IS absorbed unchanged into the circulation 
Sensitised red cells are red cells muted to their specific 
antibody in the absence of complement They are obtained 
by immunising an ammal of one species to the red cells of an 
animal of a different species Tlie immunised animal is bled, 
the serum is heated to 56° C to destroy the complement and 
then added to a suspension of the washed red cells in salme 
of the other animal Such red cells become haimoljsed on the 
addition of complement and can be used as an indicator for 
the presence of free complement in any antigen antibody 
complement mixture If no haemolysis occurs both antigen 
&ud specific antibody must luive been pte?<cnt , since both mnst 
unite before complement is absorbed If h'emolysis does occur, 
then either antigen or antibody is absent 

Tlie complement deviation reaction can be apphed as a 
method of diagnosis in vanous affections Bordet and Gengou 
found, for example, that if the serum of a patient convalescent 
from typhoid fever were heated (to destroy the complement, 
but not the antibody) and incubated with tj^phoid bacilli 
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(nntigen) and the equiralenf amount of guinea piss <=enim 
(comp ement) and then added to sensitised rwl cells no 
hssmoI\«istoohpIace heeiuse tj'phoid bacilli t^-phoid antibody 
and complement had umtecl and no complement remained for 
the sensiti«ed red cells nhereas if normal human serani 
(heated) iiere incubated \nth tvphoid bacilli and guinea 
pig 8 serum and then added to the red cells hairaolysis took 
place readily since normal serum contains no antibodv to 
the typhoid bacillus and has therefore no substance capable 
of uniting uitb the bacilli and the complement in the guinea 
pigs serum Consequently complement is available to 
combine with the sensitised red cells and haimolyse them 
This reaction is known ns the Bordet Gengou reaction or the 
complement deviation test It is a specific test Antibody can 
unite onh u ith its specific antigen Specific antigen and specific 
antiboda must both be pre«ent before any combination with the 
(non specific) complement can take place 
The Wasserraann reaction is an application of the Bordet 
Gengou test to the diagnosis of syphilis In the ca«e of syphilis 
the specifac antigen is the Sptrochata pallida and smee this 
oiganism bad not been cultirated at that time Wa«trmann 
conceived the idea of utilising «ome organic extract rich in 
spirocboetes and for this purpose made use of an extract of 
the liaer of a syphilitic feetus The reaction was completely 
succe«sful since it was found that the heated serum of a 


gyp bili tin pitient incubated with gumea pig s complement and 
the extract of syphilitic hrer absorbed by virtue of the 
saTihahtic antiboda the complement from the mixture whereas 
normal serum failed to do so The test appeared to afford 
a specific proof of infection by the spirochate 
Tile meaning of the test so fir clear It has however 
smee been demonstrated that the Uassermann reaction »s not 
an eseentnl combination between syphilitic antigen and anti 
bod\ since the spirocho?te can be altc^ther onutteil from tlie 
mixture If an alcoholic extract of human heart mu«cle or 
even of guinea pig heart mu'^cle be substituted for the syphilitic 
baer extract the reaction is equally reliable inasmuch as it 
IS obtamed with sypluhtic and not with normal sera The 
essential substances m the extract emploied as antigen are 
found to be certain fatty bodies or lipoids such as can be 
extracted from normal oigans Why hiwida are capable of 
acting as syphibtic antigen m place of the true antigen the 
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BpirochTste is unexplained It has been suggested that the 
syphilitic virus has an affinity for the body lipoids and combines 
with them forming a toxo Iipoid and that an antibody is 
produced to the toxo hpoid which would be capable of com 
bimng with it or with hpoid According to this explanation 
the reaction is a combination between anti toxo hpoid present 
in syphihtjc serum hpoid acting as antigen in place of the 
toxo hpoid and complement 

The reaction may be viewed from the physical rather than 
the immunity standpoint and some knowledge of both con 
ceptions IS essential since the reaction as a test for syphilis 
may be based on the reasoning of immunity as in the Wasser 
mann method or upon the physical change which takes place 
in the serum as in any of the precipitation tests Syphilitic sera 
have acquired the property of precipitating lecithin and it is 
probable that this property results from some alteration in the 
globulin fraction of the serum proteins The precipitate formed 
on adding syphilitic sera to cholesterohsed alcoholic tissue 
extracts is visible to the naked e>e and forms the basis of the 
flocculation test methods If any precipitate forms in a serum 
contaming complement the complement will be adsorbed so 
that the basis of the onginal Wassertnann test may be the 
precipitation of hpoids by the altered gJobuIm the adsorption 
of complement upon the precipitate and the subsequent failure 
to bseraolyse red cells 

Whatever may be the explanation of the reaction it follows 
that since the spirochajte may be replaced as antigen by 
hpoid a positive reaction is not evidence of a specific immunity 
to S pallida but rather of a peculiar and abnormal hpoid 
metabolism such as might be common to more than one 
disease A positive Wassermann rwiction has not therefore 
the specific character of a true immunity reaction and is 
evidence rather of actual infection by the spirocha-te than 
immunity to it 

The reaction in diagnosis Smee the reaction is not a truly 
specific one we might expect it to be present in some diseases 
other than syphilis and this is found to be the case A positive 
reaction is associated with certam diseases foreign to this 
country including sleeping sickness yaw s and some forms of 
leprosy A positive reaction is also foimd occasionallj and 
for a brief period onl^ in scarlet fever and in glandular fever 
W ith these exceptions — and from the point of view of diagnosis 
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thej are unimportant o-rcepttons— o positne Wossermirai 
reaction is rerj definite evidence of a syphilitic affection -ts 
to the occurrence of the reaction in the various staves of 
s^’philis — ® 

In primary syphilis the reaction becomes positive m from o to 
6 «-eeks after infection A negntue reaction at anj date later 
than this in the ca®e of a doubtful sore is strongK oppo‘'e(l to 
the dmgno'^is ofsvphihs Since it is of the utmost importance 
however to commence treatment at the earliest possible date 
and whenever possible before the reaction has become positive 
there is fortunately no necessity to rely upon the Wa'ssermann 
test In ca<«es of any doubt the presence of the specific 
spirochTte IS coneJusne (p 22Q) 

In stcondary syphilis if untreated the test is practieallr 
alnaj-s positive and a negative reaction almost excludes 
sj philis 

In tertiary syphhs positive reactions are not quite so 
invariable the teat la however positive m from 80 to 00 
per cent of treated and untreated cases It is more common 
to find a positive reaction in some tertiary lesions than m 
others a negative reaction with a thoracic aneurysm for 
example is extremeh rare 

In latent syphilis that is to sa^ m cases of past infection 
with no present manifestations of the disease a positive reaction 
IS evidence of hability to recurrence of the disease A reaction 
which remains consistently negative for at least two 5 ear 8 
rarelv if ever reverts to positive Such a negative reaction 
IS not however eertam evidence of cure but is still consistent 
witli sj’phiUs particularly of the central nervous system 

In neuro syphilis the «erum reaction u. almost mvariablv 
positive m general paralysis in about 90 per cent of cases of 
iiienmgo vascular sj'philis but m only from 60 to "0 jier cent 
of tabetics Further information is obtauied by exarainatioii 
of the cerebro spinal fluid (p 272) Tlie W assermann reaction 
IS rarely positive in the spinal fluid in secondary sypluli? 
a lynnphocytosis with increased protein content and a negatne 
reaction bemg more common In meningo vascular syphili'' 
the reaction is po..itive in about half the ci'^es in tabe* it is 
positive at some stage of the disease but mai be negative 
dunng the remissions in genenl paralyois a positne reaction 
IS almost mvanable In all forms of nenrosyphilis a Ivmpho 
Cl to«is with an mcreased protem content is usual in the spinal 
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fluid, the increased protein being accompanied a relative 
and absolute increase m the globulin 

In conj/eiitfaZ syphths the reaction is practically always 
strongly positive at birth, but tends to become w eaker as age 
advances 

The ^Va'isermann test is thus seen to be of great value in the 
diagnosis of all syphilitic lesions , but it must be remembered 
that a negative reaction sometimes occurs with lesions 
undoubtedly syphilitic and that a positive reaction means 
that a patient is tainted with syphilis — ^it does not necessarily 
mean that the particular lesion for which he is under observa 
tion IS syphilitic In the case of a doubtful tumour, for 
example a negative reaction is evidence against syphilis , a 
positive reaction yields the valuable information that the 
patient lias had syphilis and is probably still infected, but it 
does not tell us that the “ tumour ” is a gumma 

The response of the reaction to treatment The alterations 
which may take place m the reaction as the result of treat- 
ment depend partly upon the efficiency of the treatment and 
partly upon the stage of the disease at which treatment is 
being undertaken In the secondary stage of the disease the 
reaction alters rapidly m response to energetic treatment, 
and should become negative m from 8 to 12 weeks During 
the treatment the reaction may be seen to change from strongly 
positive to partial and finally to negative A negative reaction 
at this stage does not mean that the patient is cured unless 
it remains negative for many months, and possibly not even 
then, since if further treatment is omitted a negative reaction 
may again become positive and be followed by a relapse m 
the symptoms and physical signs If the treatment is 
inadequate during the primary and secondary changes the 
reaction remains positive or becomes partial only, and, since 
there can be little question that a permanently negative reaction 
is the goal to be aimed at, the effect of treatment is reason 
ably controlled by the state of the reaction, which is a 
more sensitive guide than the clinical condition of the patient 
In the tertiary stage of syphilis the behaviour of the reaction 
IS quite different, since at this stage, whatever the treatment 
adopted, it is exceptional to obtam a completely negative 
reaction, and frequently very little change is observable m it 
The bebav lour of the reaction m this stage of syphilis is com- 
parable with the effect of treatment m the clmical condition of 
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the patient, since il is nofonoiisl} difficult to cure the disease 
after tertnrj sjmptoms Iiaie manifested themsclies In the 
tertiary stage lesions frequently clear up rapidle under treat 
ment, but haae the greatest tendencj to recur, and compare 
tivelj fe^v eases are actual]^ cured 
The technique of the Wassermann reaction There are 
numerous methods of performing the reaction and the> differ 
considerably from one another There is, howerer a genera/ 
consensus of ojiinion that tlic test employed should correspond 
in its mam features with the original Wasscrnnnii reaction, and 
that if a flocculation test or any other serious deviation from 
the original technique is .adopted, this should be regarded as 
an adjuvant and not a substitute Tivn methods are given 
here the first being a modification of the original reaction and 
the second a flocculation fe«t 

Method 1 The Ua«sermann reaction The materials 
required are large and small lest tubes standard graduated 
pipettes of iO c c and Ice, norma? sahne, two water baths 
at 66® C and 37® C respectively, metal racks to hold the small 
tubes and in addition, fresh guinea pig’s serum (complement), 
immune serum or amboceptor (rabbit to sheep) washed 
red cells (sheep) antigen, human sera (normal, syphilitic, 
unknown) * 

The compliment is fresh guinea pig’8.8erum> It*is obtained 
by plunging a needle attached to a 5 c e syringe into the 
animals heart withdrawing the bloofl and ejecting it into a 
centrifuge tube The guinea pig is usually none the worse for 
the operation 

The blood is allow ed to stand at room temperature overnight 
m order to allow the titre of the complement to settle It is 
then centrifuged and the clear serum pipetted off 

The immune serum is the serum of an animal which has been 
inoculated with washed sheep’s corpuscles The '»heep’s blood 
18 obtained from the butcher and received into sterile citrated 
salt solution It is then centrifuged and washed several times 
w ith saline A 60 per cent susjiension of the cells i« made iti 
saline and three do«es each of 1 cc are injected into the vem 
of .a rabbit at one hourly mtervals One week later 3 cc 
are given The rabbit is bled 7 to 10 days later, but it is 
somewhat a matter of chance when a serum acquires a high 
titre Tlie rabbit’s blood is removed by a needle and syringe 
from a vem in the ear, and after standing is centrifuged The 
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clear serum is pipetted off into sterile capsules The capsules 
are sealed and heated m w iter at 60** C for 16 minutes They 
are then stored and the •'era vnll keep their specific attributes 
for several months 

The preparation of the immune sera involves unnecessary 
labour for most clmieal laboratories and a reliable amboceptor 
can be obtamed from Burroughs W ellcorae d- Co 

The red cells are those of a sheep and ate obtained and treated 
m the "arae manner as those used for injection into a rabbit 
\ 5 per cent saline suspension of the final nashed deposit is 
used for the reaction 

The above materials — namely the complement the 
amboceptor of the heated immune serum and the red cells — 
constitute the hsemolytic system 
The antigen is prepared as follows A heart is obtamed from 
anv cadav er in the post mortem room and shces of the muscular 
portions are removed with a clean kmfe blotted dry and 
weighed The slices are transferred to a mortar and thoroughly 
ground up with absolute alcohol in the proportion of 1 gram 
of heart muscle to 0 c c of alcohol The mixture is transferred 
to a well fitting glass stoppered bottle and shaken occasionally 
for hours ft is then filtered into a similar bottle labelled 
heart extract and kept in the cold Into another bottle 
weigh 1 gram of pure cholesterol add 100 cd of absolute 
alcohol Shake and heat m water bath until the cholesterol is 
dissolved Label and store m the cold Extracts obtamed 
m this way are extremely constant m strength and will keep 
wathout variation for some months 

The I uman sera are best obtained by \ enc puncture and 
preferably by the aid of a synnge (see blood culture p 224) 
The syringe must be dry to avoid hsemolysis and from 5 to 
10 c c of blood are taken and ejected into a dry test tube 
After standing to allow the clot to contract the serum is 
pipetted off into centrifuge tubes centrifuged and the corpuscle 
free, oexiiw. to. wcaJJL labeUad. twhea vw tha. CiiiH lioAil 

reqmretl for the test No serum should be kept longer than 
7 days 

The salt sol ilion is made in the usual manner from pure 
'lodnim chloride and distilled water For the purposes of this 
reaction it should be freshly prejiared and of a strength of 
exactly 0 8o per cent 

Standardisation of the matenals The most variable reagent 
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the immune sonim and this is stamlanJiseil as fo!loA\8 
A 1 in 1 OOOdiluUon of the serum la made « ah salme, and into 
a senes of tubes 0 1 0 2 up to 0 9 c c of this diluted serum are 
put and each tube IS made up to 0 9 c c ah saline To each 
tube IS added Olcc of aim 2 dilution of guinea pig a serum 
and 0 5 c c of the 5 per cent suspension of sheep s red cell^ 
Tile tubes aro incubated for 1 hour at 37° C and then allowed 
to stand aside for the eorpu<*cIe8 to settle Tlie imnmial 
hffimolytic dose is the dilution of amboceptor m the first tube 
showing complete hsemol^sis and an amboceptor siiould be 
rejected if the dose does not /all between these dilutions 
namel> between 0 0001 and 0 0009 cc Fire times the 
minimal dose is used in the test Tlie complement used in the 
standardisation should I>e the mired sera of two or more 
guinea pigs 

The standardisation of the amboceptor need not he repeated 
for seaeral months and if the semm used i« one purchased 
from a reliable firm the hfcmolytic litre which accompanies it 
can be accepted It is not essential to standardise the antigen 
if It IS carefully made but it is mixed and diluted with saline 
just before use in the following proportions heart ertnet 

0 8cc cholesterol 0 53cc saline 186cc giving 20 cc 
or enough for forty tubes The heart extract and cholesterol 
are first measured with pipettes into a bottle after drying out 
the pipettes and bottle with absolute alcohol The saline !•> 
then poured m a steady stream on to the nurture which then 
becomes stronglj turbid The complement is standardised in 
the prelimmarj stage of each senes of tests 

To perform the reaction — 

Stage I The sensitised red cells 

Measure 2 c c of the washed and centrifuged deposit of red 
ceils mto a stoppered bottle Measure 35 c c of saline into a 
graduated cjlmder Add with alec pipette the requisite 
volume of amboceptor (if the litre of the amboceptor is 1 in 

1 000 five times the m h d for -#0 c c of red cell suspension is 

^ = 0 2 c c ) and make up the saline to 3S c c 
1 000 ' 

Add the salme amboceptor mixture to the red cells and staufi 
in the incubator at 37“ C until required 

Stage II Titration of complement 

Into seven large test tubes in a rack put Olcc 
complement m tubes I to IV 
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To tube I 

» II 
.. HI 
IV 
.. V 
. VI 
„ VII 


add 0 9 c c saline , 
, 1 9 c c „ 

,, 2 9 c e , 

,, 3 9 c c „ 


dilution — 1 in 10 

„ = 1 m 20 

„ = 1 in 30 

, = 1 in 40 


I c c of tube m -f- I c c of saline = 
1 c c of tube IV + 1 c c of saline = 
I c e of tube IV + 2 c c of saline = 


I m 60 
1 in 80 
I in 120 


Into seven Wassermann tubes put 0 5 c c of each of the above 
dilutions and add 1 c c of saline and 0 5 c c of sensitised red 
cells to each tube Place in water bath at 37° C for 30 minutes 
The immmal haemoljtic dose is the dilution of the last tube 
showmg complete haemolysis, and three times this dose is used 
Tims, if tube V is the tube containing the m h d , the comple 
ment is diluted twenty times 

Stage III The sera are diluted and inactivated as follows 
the Wassermann tubes are placed m three rows m a metal stand, 
and three tubes are required for each serum Put 0 1 c c of 
serum m each tube and add 0 0 c o of sahne to tube I (back 
row) 0 2 c 0 to tube II and 0 4 c c to tube III (front row) 

Put rack in u ater bath at 56° C for 30 minutes 

Spmal fluids are thus diluted Five tubes are used for each 
fluid Olcc 02ccupto05ccof spmal fluid is measured 
into the tubes and the content of each tube made up to 0 6 o c 
with sahne It is advisable to heat the diluted spinal fluids in 
the same manner as the sera 

Stage IV Add 0 6 c c of antigen to the middle and front 
rows of serum tubes and to all the spinal fluid tubes Add 
0 5 c c of complement to all the serum tubes and an extra 
0 2 c c to the middle row (the total content of each serum tube 
is now 1 5 c c ) Each qimal fluid tube receives 0 5 c c. of 
complement Place all tubes m water bath at 37° C for 45 
minutes 

Stage V Add 0 5 c c of sensitised red cells to all tubes and 
b-wtik sA- U3° G vjabJ. tfca ba..'tV.. wk of tba ?ax’i>K'. 
tubes shows complete haimol^s This should take about 
16 minutes 

Reading of results The results may be read immediately 
after the conclusion of Stage V , but it is advisable to stand 
the tubes in the ice chest overnight and compare the results 
the next morning If a back row serum tube shows no 
"hffimolysis, the serum is anti complementary and the test is 
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useless Such a result may occur if the serum has been stored 
too Jong or is deeplj ha:moglobm tmged, and the test should 
bo repeated uith a fresh Bpeamen Sera properly taken are 
very rarely anti-complementary Complete hsmolj-sis in all 

three serum tubes is a completely negative reaction ( ) 

No hsemolysis in middle and front row tubes is a strongly 
positive reaction { + +) Numerous mtermediate reactions 
occur, and partial haemolysus in any tube may be designated ± 
The spinal fluid tubes are usually returned m the same manner 
mtb results from 5 4- marks do 5 — marks A definite in 
tube 5 only is a feebly positive reaction 

Method 2 The Kahn precipitation test is a modification of 
the Sachs Georgi method, and the technique given below is 
that employ ed at the Venereal CImic at the London Hospital 
TAe anttgen is a choJesterotised ateoholic extract of powdered 
beef heart which has had part of the ether-soluble matter 
removed Since antigens prepared from different samples 
of heart muscle vary in sensitiv ity , it is ad\ isable to use many 
hearts in the production of an antigen Unless a large amount 
of antigen is to be made up this js wasteful and can be avoided 
by the u«c of a commercial product knowm as “BactoBeef 
Heart manufactured*by the Digestive Ferments Company, 
Detroit, USA and supplied in this country by Baird and 
Tatlock This product is powdered, dried beef heart and is 
produced on a large scale by mincing up hundreds of beef 
hearts stnpped of the fat , the minced heart muscle is then 
dned by electric fans and sub«=equentJy ground into a fine 
powder 

Preparation of the antigen (1) To 25 grams of the Baefo 
Beef Heart powder m 250 cc Erlenmeyer flask add 100 cc 
of ether Shake well (at intervals) for 10 minutes Filter, 
decanting as much of the ether as possible , press any powder 
on the filter paper with a spatula until the ethereal hquid is 
expre':«ed and then return the powder to the flask 

(2) Extract the pow der in the flask in a snnilar manner with 
75 c c of ether three tiroes and dry the residual powder in the 
air until no odour of ether can be detected 

(3) The powder is then weired and returned to the flask 
For each gram of the powder add 5 c c of 95 per cent alcohol 
Shake the flask well for 10 mmutes and allow the alcohol 
extraction to proceed at room temperature for 3 days 

(4) At the end of this time shake the flask weU for 5 minutes 
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mcl filter the extract off Measure the quantity of extract 
obtained and then place in a clean ground glass stoppered 
bottle and for each cubic centimetre of alcoholic extract add 
6 mgm of cholesterol (Kahlbaum) 

Then place the bottle m the 37 5” C incubator o\ enught, 
and it will be found that the cholesterol has dissolved and the 
antigen is then readj foi titration 

Preparation of special pipettes* When a large number of 
sera have to be tested much time and apparatus is saved if 
tv o pipettes have been made so that the proportions of antigen 
and serum may be maintained Thus in the test the serum 
antigen ratio of the two tubes is 6 1 (0 15 c c to 0 025 c c ) 
and 12 1 (0 15 cc to 0 0125 cc) These ratios may be 
obtained if a fine capillary dropping pipette be made for 
measuring the antigen by drops 24 drops from which equal 
1 volume delivered from a graduated Wright s pipette which is 
used for measuring the serum Thus if 1 volume of serum 
(s 24 drops) be added to 4 drops of the antigen a ratio of 
6 1 IS obtained In hke manner 1 volume (<= 24 drops) 
added to 2 drops of the antigen gives a ratio of 12 1 
These pipettes are made as follows — 

(1) Antigen dropping pipette Take a piece of glass tubing 
inch diameter) and draw out to a fine capillary point Cut 

squarely at the narrowest diameter Fit rubber teat to the 
wide end 

(2) Serum delivery pipette Take an ordinary Wnght s 
pipette fitted with a rubber teat and rinse out with alcohol 
With the antigen dropping pipette carefully drop into the 
bottom of a Wassermann tube 24 drops of a mixture of equal 
parts of absolute alcohol and saline (0 85 per cent ) Draw 
the mixture up into the Wnght s pipette and make a mark 
at the upper end of the liquid column when its lower end 
comcides with the tip of the pipette By repeating this 
manoeuvre a few times the mark can be checked or adjusted 
until the pipette delivers a volume j" as nearly as possible 
equal to 24 drops from the antigen droppmg pipette 

Titration Standardisation of the Antigen This is necessary 
to determme the minimum quantity of salt solution giving 

* This metl od of meas it og the reagwts used m the reaction has been 
tested in parallel with Kahn 8 standani teclinique and found to g ve identical 
results 

t The volume ih quite arbitrary but about 0 2 c c is a suitable amount 



IMMUNITY 


I9G 

■aggregates vith a constant \olume of wtigen nh;ch are 
completely dispersed upon the further addition of salt solution 
Technique (!) Sleasure 03 cc 04cc 05cc OSoco 
and 0 0 c c of salt solution (0 85 per cent ) into fire Kahn 
tubes 

(2) Aleasure into five Kahn tubes 0 o c c of the antigen 

(3) Prepare fi\ e antigen suspensions by mixmg the 0 o c c 
quantities of antigen with the vary mg amounts of salt solution 
m senes This should be done by emptymg ns rapidly as 
possible the saline mto the antigen and then pouring the 
mixture back and forth five or six times 

(4) Allou the mixtures to stand for 3ft minutes 

(5) Set up tuorousoffivcKahn tubes one behind the other 
in a llassermann rack Thus there are five sets consisting 
of tuo tubes — one set for each antigen saline suspension 

(6) Lsing the antigen dropper pipette and begmnmg «ith 
the antigen suspension containing the most saline drop in 
senes 2 drops of each antigen suspension into the front row 
tubes and 4 drops mto the back roa tubes respectively 

(7) Lbwg the serum delivery pipette measure mto each 
tube 1 volume (— 24 drops of the antigen dropper pipette) 
of saline 

|8) Shake the rack for 3 minutes m a shaking apparatus 
at a sj eed of 276 to 285 oscillations per minute 
(j) Examine the tube^ u«mg a hand lens (+6) and a slit 
1 imp for the presence or ab«encc of a fine granular precipitate 
(10) That pair of tubes containing the «iu<5pen''ion m which 
no precipitate is seen and the fluid i*! clear but opalescent is 
taken a«* the titre This is usually 1 1 

The test proper The test employs tvio reagent'! the antigen 
suspension and the sera to be tester! 4. requisite amount of 
antigen suspension depenrhng on the numlier of sen to be 
tested should be made up according to its litre Thus if 
the titre is I 1 equal amounts of saJjne and antigen should 
be mixed by pounng the former on to the latter as rapidlv as 
possible and then pouring the mixture back and forth five or 
six times The mixture is allowed to stand for 10 mmutea 
before u^e All sera to be tested should be inactivated at 
56° C for 30 minutes 

Two rows of Kahn tubes are set up in a ^\assermann rack 
one behind the other each serum to be tested haring one tube 
m the back row and one tube m the front row 
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To each tube in the back row 4 drops of the antigen 
suspension are added by means of the antigen tlroppmg pipette 
To each tube in the front row 2 drops of the antigen suspension 
are added bj means of the antigen dropping pipette One 
volume of each serum to be tested is added to its appropriate 
tubes in the back and front rows respectively bj means of the 
serum delivery pipette It should be noted that after each 
serum has been added the serum delivery pipette should be 
carefully rmsed out with saline (0 9 per cent ) The rack 
contaimng the tubes should now be shaken on the mechanical 
shaker (275 to 285 oscillations per minute) for 3 minutes 
This may be done by hand approximating the speed of the 
mechanical shaker as nearly as possible but the results apart 
from the process being very fatiguing are not so reliable 

Reading of results This can be done by one of three 
methods — 

(1) Direct observation looking into the tubes 

(2) Using a concaie roerror and examining the image m the 
mirror 

(3) Using a sUt lamp and making observations with a -f 6 
lens 

Of these three methods the slit lamp is to be preferred, 
since conditions of observation are constant 

Recording results PosxUvt Definite easily visible particles 
floating in a clear or opalescent fluid The particles may vary 
in size depending on the strength of the reaction but are quite 
ob\ lous 

Doubtful positive Extremely fine particles floating in a 
somewhat turbid medium 

Negatiie The fluid is transparent opalescent and quite 
free from particles 

A comparison of the two methods The Kahn test demands 
more labour in the preparation of the antigen and it la essential 
that the dilutions of the stock antigens used m the test should 
not precipitate spontaneously The actual performance of the 
test IS shorter and apparently simpler than that of the Wasser- 
mann reaction The simplicity of the Kahn test, however, is 
more apparent than real Very exact measurements of antigens 
and sera are essential and the reading of the results requires 
considerable expenence In skilled hands the Kahn and 
Wassermann tests correspond m about 85 per cent of cases, 
the discrepancies being partly accounted for by the higher 
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sensitnene=,s of the Juihn test which remams positue longer 
thin the Wassermann test The einpJojment of the Rahn 
test ith spinal fluids is not ad\ i«ed 
Tlie flocculation method should be used as an addition to 
the ^^asse^mann test and not as a substitute for it The 
performance of the Kahn test by tho«e imtrained in serological 
technique as the «ole test for sj-phditic infection is indefensible 
The complement fixation test m other diseases Before the 
test de<!cribed above i\as applied to the chmcal diagnocu. of 
sj*phil 2 s it had been demonstrated m numerous other infections 
b^ Bordet and Gengou The test is applicable in cholera 
t 3 ’phoid whooping cough and other diseases but is not 
con^^t'int (hiring the wfectton and is onl\ strongly po«ttire 
during con\alescence The test is considerablj used m the 
diagnosis of gonorrhoeal infection The antigen employed ib 
derived from a mixture of several strains of gonococci whicb 
are grown on solid media and washed off m saline The 
salme suspension is heated to 60® C for 1 hour and the number 
of organisms estimated as m the preparation of vaccines 
(p 204) A 'Uitafale strength for the antigen l 4 000 million 
COCCI per cubic centimetre \\ith all bacterial antigens it is 
advisable to u«e m the test not more than half the amount 
n hich fixes the complement of a normal serum In human 
tuberculosis no satisfactory diagnostic test of this nature lia? 
■set been published though seieral methods are still under 
consideration The diflicult\ lie<5 in the preparation of a 
«^t 2 sfacrory antigen 

In hx datid di&ease the test niav be used as a climcil method 
of diagnosis The antigen is here the fluid from a h\ datid 
cyst and if this be ‘substituted for the lipoid extract the test 
for the presence of hydatid infection mav be earned out in the 
same manner as the as«ermann test for sx phditic infection 
Different hydatid cy«t fluids vary greatly in their antigenic 
content The cyst fluid must not be filtered or heated and no 
Ibnrefbre to obtain 

fluid m a sterile manner from an unmfected cyst and to 
standardise it On theoretical grounds it might be expected 
that the complement fixation test wmdd be apphcable m all 
diseases m xvhich the specific mfecting body or antigen 
knoxm m practice the test aa a routine elmicil method is at 
present almost entirely confined xnth the exception of hjdatid 
infections to the diagnosis of svphilis It ib however 
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emplojed w the diagnosis of many virus infections, including 
chicken, pox, small pox, aoster and psittacosis In these 
conditions the margin betueen the specific and nonspecific 
absorption of complement m the test is much smaller than in 
the Wassermann reaction, though sufficient for diagnosis in 
practised hands 

Complement deviation testa may also be used for the 
identification of an mfecting organism just as agglutination 
tests may be 

VACCINES 

A vaccme is a sterile standardised suspension of dead 
organisms m a neutral fluid It is given hypodermieallj in 
doses graduated according to the number of bacteria present 
m each dose The object of vaccine treatment is to raise the 
resistance of the individual to the organism with which he is 
infected by carefully graded and spaced doses of dead organisms 
The toxins contained m the dead bacteria are liberated m the 
tissues passed into the circulation and thus lead to a produo 
tion of antibodies which can be used to combat the Imng 
organisms of the disease Less frequently vaccines are given 
to a healthy mdividual u ith the view of rendering him immune 
to a possible infection The immumtj mduced by vaccines 
is an artificial acquired immuruty It is established com 
paratively slowly, over a period of weeks, and lasts a 
comparatively long time 

The treatment of a patient with vaccines necessitates a 
co-operation between the pathologist and the clinician The 
cure of a case of gonorrhceal arthritis for example, may be 
greatly expedited by means of a vaccme but the vaccine may 
be almost useless m the presence of an untreated stricture In 
such a condition as infective endocarditis m which the source 
of mfection cannot be dealt with vaccine treatment is useless 

There is no doubt that vaccines have been given in the past 
m a wild and extravagant imacnet, mid tine 9iAd lA vaccme 
therapy is now becoming more restricted The following are 
among the conditions for which vaccines may reasonably be 
given — 

Chrome local mfectioia, such as- recurrent boils and local 
hhscesses, of which the causative organism is certainly known, 
and IS usually a staphylococcus 

Acute streptococcal infections, particularly those in which 
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the organisms have been isolated from the general circulation 
and the local source of infection is acce'^sible 
Gonorrhceal infections particularly when chronic le^s 
certamlj in the stage of acute urethritis 
Chronic catarrhal conditions of the respiratory tract are 
frequently benefited by vaccines Tliere is httle reasonable 
doubt that the common cold is the result of a >mis infection 
but that the continued purulent discharges and other coraplica 
tions are due to secondary infection by the ordmary pyogenic 
bacteria of v hich the most common are streptococci pneumo 
COCCI and staphylococci Immunity to the Mrus mfection 
appears to be very short lived but it is possible to raise the 
resistance to the secondary invaders and a cour«e of vaccine 
treatment m the early autumn is justifiable using vaccines 
prepared from the pvogemc bacteria and particularly the 
h-emolytic streptococci present in the throat of an indiMtlual 
who suffers each wmter from recurrent and long-contimied 
colds 

In the following conditions the use of \accines is more 
problematical but worthy of trial m individual ca«e3 — 
P^or^hcea alveolaris and its probable complications 
Chronic infection of the unnary tract uith the B coU 
Local abscess such as a bronciuecfaiic cavity or a secondarily 
infected tubercular lesion m which the orgamsm isolated is 
the probable source of the secondary infection 

^ accmes should not be given raereh for the sake of doing 
something A coccus extracted from the healthy gums or 
normal fieces of a hopeless rheumatic subject and made into 
a vaccine is a futile and dishonest procedure 

Stock vaccines should not be given on the chance of hitting 
off the correct species of organism n hen it is possible to make 
a proper bacteriological investigation and to gron the cTU^ative 
organism 

■\VhiIe it IS probable that the majonty of vaccmes do no 
harm it must be recognised thit m some caces the injection 
of dead organisms is positiveh dangerous An overdone of 
vaccine given during the height of an acute infection may 
turn the scale against the patient In a chronic staphy lococcal 
mfection the giving of vaccines for too long a period may 
produce a state of hyper su^ccptibiUty to the infecting 
organism and each injection may be followed by a fre«h 
abscess In sucb cases and ra any examples of wide spread 
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and chronic infection, treatment by toxoid is preferable to that 
by vaccines Staphylococcal toxoid is prepared by growing 
the organism on soft agar m a partial atmosphere of COj, 
grinding up the agar and Blteni^ through a Seitz filter The 
filtrate, or toxin, should hav c a hietnol^ tic action of high titre 
for rabbit red cells Approximately 0 3 per cent of formabn 
13 added and the mnxture incubated for 2 to 3 daj s or until 
all hsemol^tic pouer has gone The first dose should not 
exceed c c of a 1 in 50 dilution 

The above are only the merest mdications of when or when 
not to treat a patient u ith vacemes Each case must be judged 
on its merits but it can be stated broadly that the cases most 
benefited are some chronic septic conditions and general 
streptococcal infections The dosage of a vaccine necc^sanl^ 
vanes with the age size and genera! condition of the patient 
as well as with the species of the organism injected The 
variations as to age and condition are similar to those employed 
in an) form of treatment The dosage according to species 
of organism, vanes with the comparative virulence of the 
organism In the cases of streptococci pneumococci, and 
gonococci small initial doses of from 5 to 10 million cocci are 
given as a general rule In the cases of staphylococci and 
colon bacilU doses of from 50 to 100 milhon organisms are 
given Double these amounts maj usuallj be injected in the 
second dose 

The vaccine may be given as soon as it is prepared, but if 
a surgical operation has recently been performed, and there is 
reason to suppose that the patient has absorbed a material 
dose of toxm from the operation area the givmg of the initial 
dose should be postponed If there is urgenej in giving the 
vaccine, a probable idea of the causative orgamsm justifies the 
use of a prehimnary dose of a stock culture of that organism 
Nor IS there anj grave objection to treatment by stock vaccines 
if the proper organism is known, although the balance of 
evidence seems to be that patients are more hkelj to improve 
on an autogenous vaccine — ^thatis, a vaccine prepared vTith the 
organisms obtained from the individual case — than on a vaccine 
derived from some other source The time allowed to elapse 
between the doses is as a rule from 5 to 10 days There is 
nothing to be gamed bj increasmg the size of the dose to 
much more than double the initial dose, nor by markedly 
diminishing the mtervals between the doses 
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In most ci^es the patient experiences little or no ck^comfort 
after the vaccine is gi\en, but sometime^ a definite reaction 
follows The reaction maa be local, focal or general or all 
tliree The local reaction con-^ists of pam, redness and even 
a?dema at the site of mjecfion Tlie general reaction com 
pnses a nse of temperature uith headache, malaise and 
sometimes sickne*^ A focal reaction consists in an aggravation 
of the local condition A severe reaction means an overdo'e 
for the individual 

Certain modifications of vaccine treatment maj be men 
tioned onlj since they have ji et to be put into practice on any 
laige «oale Treatment by endotoxins has been attempted for 
«erer-il diseases, and in particular for typhoid fever The 
endotoxins are obtained by grinding up the bacilli in such a 
aia\ as to actually express from them the intracellular tosms 
Tile sensitised vaccine of Besredka consists of a vaccine which 
has been brought mto contact with the specific antiserum so 
that the organisms in the vaccine are combined with the 
antiboda m the «erum It is claimed that such a vaecmc is 
non toxic leads to no prehmmary lowering of the jmmumt\ , 
ni<ie« the immunity ver\ rapidly, and produces an immunity 
which la«ts a considerable time The «o-caUed detoxicated 
vaccines are su«pensfons of bactcna, the tone elements of 
which have been removed and the antigenic properties left 
EMdence of such reparation and of the therapeutic value of 
the^e preparations is mdecisive 
Tuberculin i- given in many different forms and only one 
^ ineti tuberculin B E, is a genuine \dccine, m the rea«e that 
it consists of a known weight of tubercle bacilli emul ified 
with a mixture of giveenne and water The old tuberculin 
consists of exotoxms mainly, and is obtamed by evaporatu^ 
down a 4 to 5 weeks’ old culture of bacilli to one tenth its 
bulk at a comparatively Jow temperature, filtering it and 
u«mg the filtrate Tuberculm T R is composed of endotoxins 
and 1l c c of the T R contains the bacterial matter insoluble m 
water dern ed from 10 mgm of tubercle bacilli which have 
been repeatedly washed m water and centrifuged The S B E 
coa-ists of sensitised tubercle bacilli obtamed by mixing the 
bacilli w ith anti tuberculous serum 

The preparation of the tobenmlirisis largely left tocommereul 

firms . 

The dosage of the tuberculins vanes with the nature ot tu 
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ease and is reckoned so far as pos<ubIe from tbe weight of 
original solid substance eroplojed to make the extract or from 
the original solution 

In the case of B E for example the preliminary dose is a 
dilution of the original solution and is commonly 0 001 of a 
cubic millimetre Tins may be given as the initial dose of 
any tuberculin The dose rs increased gradually and in such 
ana} as the following — 0 001 0 002 0 003 0 004 0 006 0 008 
0 010 0 016 0 02 0 03 etc The maximum dose to be aimed 
at is 100 c mm or c c of the original solution 

The mtervals between the doses should be 3 days for the 
small doses and from 1 to 3 weeks when the higher doses are 
reached 

The rate of increase necessarily depends upon the reaction 
and progress of the patient 

The value of tuberculin treatment cannot even yet be 
considered as proved and there w no doubt that m careless 
hands much harm can be done In general it may be said 
that all reactions local general or focal are to be avoided 
that skin glandular joint and genito urinary tuberculosis 
may be expected to benefit from tuberculin treatment m 
experienced hands The treatment of pulmonary tuberculosis 
IS disappomtmg 

The method of preparing vaccines The following are the 
various stages requisite for the preparation of an autogenous 
vaccine — 

Stage 1 Tht culture Cultures are taken from the patient 
III the usual way and film preparations of the lesions are also 
exammed if possible A sub culture on agar (or if necessary 
for the growth of the organism on serum agar) is made and 
incubated for 24 hours A second sub culture should be put 
up at the same time for the purpose of full cultural invcstiga 
tion If the organism is m pure culture there is no difficulty 
at this stage and the original culture on agar maj be used 
if there is any urgencj about the preparation of the vaccine 
If more than one organism is present it is advisable to make 
the vaccine from the more virulent bacterium particularly 
if it predominates in the film preparation and is most likely 
from the nature of the case to be the primary cause of the 
lesion For example if a Staphylococcus albus and a Strepto 
coccus pyogenes are obtamed from an acute cellulitis the 
vaccine should be made from the streptococcus In cases of 
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doubt or when there is reason to suppo'ie that a combination 
of organisms is responsible for the condition, raccine^ can be 
prepared from two or more organisms and subsequent!} mired 
m whatever proportions are considered de'^mable 
Stage 2 The ampenami To the 24 hours’ old sub-culture 
on an agar slope add stenle 1 per cent ^\t solution The 
amount of sahne to be added depends upon the thicLne«a 
of the growth A moderatelj turbid suspension of bacteria m 
sahne is to be aimed at ash off the growth as fat as po&-ibIe 
into the saline b\ shakmg the tube and pipette off the bacterial 
suspension into a small stenle tube, the mouth of which can 
be drawn out and sealed in the flame 

Stage 3 The stan^ardtsation The number of bacteria jier 
cubic centimetre of a suspension can be gauged with sufficient 
accurac\ b\ comparing the opacit} in a standard tube with 
a set of known standards Such standards can be obtained 
from Messrs Burroughs \\ ellcome & Co 
Stage 4 The eUnlii>atton Prepare a deep water bath or 
a saucepan capable of holding a considerable hulk of water 
Fill almost to the brim with water at 60* C Place over a 
Bun«en flame and lower the flame con'iderabl} Leave a 
thermometer in the water B} adjusting the size of the 
flame the temperature can be maintained at 60* C without 
appreciable Nanation WTien the temperature has become 
constant immerse the tube in the water Keep the tube at 
GO C for 1 hour observing the reading of the thermometer 
from time to time At the end of 1 hour remove the tube 
The actual temperature oece&sarv to Id! the organism ranes 
with the species The majont} of organisms grow mg in pm 
pomt colonies such as gonococci streptococci and pneumococci 
are killed bv exposure to 60* C in from 30 to 45 minutes 
organisms growung m coarser colonies such as staphylococci 
and colon bacilli require a temperature of at least 6o“ C for 
an hour and with some strains it ma\ be nece‘!*ary to raise 
the temperature higher still 

Stage o The proof of gUnlusalton Incubate the vaceme 
tube for 24 hours At the end of this time sub-culture from 
the vaccine on to an agar slope and incubate the sub-culture 
for a further 24 hours 

If the sub-culture remain* stenle, the vaccine niai be 
considered stenle 

laccmes lilleil bj heat lose their anligemc proiierties on 
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keeping and should not be used after more than 3 months 
ha\e elapsed Stages 4 and 5 may be substituted bj killing 
the bacteria -with chemical agents Carbolic acid is added 
to the suspension in the proportion of J c c to 100 c c 
and the mixture is put aside for 2 to 3 daj s or until a sub 
culture in broth remains sterile It may be necessarj with 
some bacteria to raise the strength of carbohc from 0 5 to 

0 75 per cent 

Stage 6 The diltiiion Calculate the comenient dilution 
of the bacterial suspension For evample if a streptococcal 
susjiension has been found to contain 500 milhon cocci per 
cubic centimetre md the initial dose wished for is 10 million 
it IS con\ ement to add 4 volumes of diluent to 1 volume of the 
suspension thus reducing the strength of the suspension to 
loo million cocci per cubic centimetre The mitnl dose will 
then be contained in one tenth of a cubic centimetre 
Sufficient carbolic should be added to the water used for 
dilution to provide m the final mixture a carbolic solution of a 
strength of 0 5 per cent The iddition of the oarboho safe 
guards the raceme from subsequent contamin'ition 
The mixture is finally placed in a sterile bottle and kept in 
a dark cool place The bottle should be marked with the 
name of the patient the nature of the organism the strength 
and the date 

The above steps arc those preferably observed It will be 
noticed however that 2 days arc required for the sub culture 
and 2 more for the proof of sterilisation so that if everything 
goes well 4 days ire required for the preparation of the VTccine 
In cases of urgency a stock vaccine mav be giv en at once 
In acute streptococcal infections it is possible to prepare a 
vaccine in 24 hours The onginal culture on agar is taken 
and if pure the suspension is made and heated to 65° C for 

1 hour and for 10 mmutes at 70" C It is then presumed 
sterile and is diluted and injected There is m practice no 
real rwk in this procedure 

To gite the taectn? Alee hypodermic gla'ss syringe 
graduated in one tenths of a cubic centimetre is required The 
syTinge is convenientlv sterilised w ith boiling methylated spirit 
A small quantity of the spirit is placed, m a beaker and brought 
to the boil on a sand bath oxer a Bunsen burner The flame is 
turned out when the spirit is boding bnskly and the syringe 
with needle attached is washed in and out several times with 
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the boiling spirit The laccine bottle must be thoroughlv 
shaken before tirawmg up into the empty syrmge the required 
volume of the raocine The injection is preferable made 
subcutaneoush into the foreann after cleansing the skm with 
iodine 

The prophylactic «ae oj vacanes \accines ma\ be given 
Mith the object of preventing <ii!>ease Almost the onft 
preventive vaccination of this kmd commonh performed in 
this countrv is that for tvphoid fever Vaccination agam^t 
small pot IS of a somewhat different nature <5mce the individual 
IS protected by an artificial attack of the modified di^i«e 
The effects of inocuJa tion against tjpboid are to lessen raarkedJi 
the risk of infection and to modifv the virulence of the attack 
if it does occur TJiere is sufficient “tafL'stical evidence that a 
considerablv smaller percentage of inoculated persons become 
atticked after exposure to mfection than of imtreated person* 
and that the incidence mortaht^ rate among the inoculated is 
verv low The effect of the inoculation gradually wears off 
and the oooiparatire immunitt does not appear to last longer 
than from 1 to 2 vears Tvphoid fever i* not sufficientlv 
prevalent m Britain to call for preventive inoculation hut 
inoculation should be adneed for tho«e proceeding to countries 
vv here the di«ea<e is nfe VVTiile abroad all the usual precaution* 
agam«t mfection should be observed and re moculation should 
be performed if practicable within 18 month* The vaccine 
should be given a abort time before the tvphoid district j 
reached Two doses are given with a 10-da\ mterval between 
them Comparativelv large doses are commonlv given often 
from oOO to 800 million organisms and it is preferable to give 
d combined vaccine prepared from tvphoid and piratvpboid 
bacilli Tile inoculations in a considerable percentage of cases 
are followed bv a definite local reaction and often bv shght 
pvresia and malaise 

The Pasteunan method of mocnlatuig animals agarn't 
anthrax and human beings against rabies consists in giving a 
senes of mjections of the infectmg agent of mcreasmg virulence 
Haffkine s anti-cholera vaccine is given on a similar principle 
The anti plague raceme of Haffkme consists of a killer! broth 
culture of plague bacilli grown for 6 week* at 20® C 

Calmette has been conducting on a large scale a prophv lactic 
method of inoculation against tuberculosis His raceme i 
prepared from a strain of tubercle baciUi of liovine origin 
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which has been cultivated for manj jears m ov bile The 
strain, hnow n as the baciKas of Calmette and Guenn or B C G 
IS acid fast and is claimed to have lost its pathogenicitj for 
man and animals, but to have retained its antigenic properties 
Lai^e doses of Jiving BCG have been given hypodernucally 
or by the mouth m an attempt to produce immunity in 
pucceptible persons Calmette and his followers have carried 
out prophylactic inoculation on a very large scale, and 
claim both freedom from any ill effect and success m prophy - 
Jaxis The^e claims have however been subjected to con- 
siderable criticism 

The diagnostic use of bacterial products The reaction of 
the skin to baeternl to\ins is made use of m the diagnosis of 
disease and in the estimation of immunity In tuberctilons 
an infected person is more susceptible to the action of tubercubn 
than a normal individual and this hypersensitiveness is made 
u'^e of as a diagnostic procedure The test most frequently 
employed is that of Von Pirquet m which the skin is scarified 
through a drop of 35 per cent old tuberculin diluted with 
gly’cenn Ten mmutes later the tubercubn is wiped off and 
in a positive reaction the sktn becomes reddened and a papule 
forms m about 24 hours A more delicate method m children 
IS that of JIantou\ in which 0 1 c c of I m ] 000 old tuberculin 
IS injected intracutaneously as follows An area of the skin is 
cleansed with ether and the needle attached to the syringe, 
is worked upwards into but not through the skin the needle 
being held almost flu<=h vvith the forearm \Vhen the point 
of the needle is in position m the skin it is v isible a*: a dark 
line, and pressure is then put upon the piston of the syringe 
The drop of fluid, as it is forced out, makes a w hite bubble in 
the skin, like a nettle sting, and is evidence of the injection 
bemg intradermal A control mjection of normal saline is 
made on the opposite 'forearm The reaction is observed in 
24 hours, and, preferably, again m 48 hours With a positive 
reaction an angry red area of the size of a five shilling piece 
appears aroimd the site of inoculation, and often the lymphatic 
vessels are injected and the lymph ghnds enlarged Not 
infrequently there is a ri®e of temperature 

The ophthalmic reaction of Calmette, m w hich the tuberculin 
IS dropped into the conjunctival sac, is apt to produce a severe 
and intractable conjunctivitis m sensitive persons and has been 
largely abandoned 
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The tiiberculm reaction c onh reliable nitiiin certain limits 
Patients drag of tuberculosis mac not react at all and patient 
witJi healed tuberculous lesions may react strongly Owiiie 
to the large number of adults aith quiescent tubercnlons foci 
a positire reaction in an adult is little eitdcnce of active 
tuberculosis A negative reaction in an adult is evidence 
against tuberculosis In children the reaction nhethei 
negative or positive la of considerable value 

Other diagnostic reactions are occa«ionali\ performed on 
similar lines A cutaneous and an ophthalnuc reaction ha. 
been made u«e of as a test for tvphoid fever and the sub 
cutaneous injection of maliem is hrgelv practised in vetcrman 
pathofogj as a means of detecting glandered horses 

In the diagnosis of Jydahd disease a complement deviation 
test mav be used (p 19S) or a cuti reaction performed xnth the 
fluid A small portion of the sterile evst fluid is injected hi 
the mtradennal route In dtphthtna and more recentlv m 
scarlet feier the rntradermal injection of tlie specific bacterial 
toim his been made u«e of as a measure of the immunity to 
mfection 

The Sehtek reaction m diphtheria is performed bv mjecting 
into the skin a minute amount of diphtheria toxin usuallv 
y m 1 d and comparing the result on the following day and 
again on the third or fourth dai with the control injection 
of heated toxin made m the opposite arm Tho e who 
reict are called Schick positive and ha\ing no neutralising 
properties m the blood to the toxin are susceptible to infection 
Those Aiho do not react — the Schick negative individuals — 
are immune to diphtheria and though the\ may be earners 
of the bacilli will not get infected by them By this means 
an\ community can be divided into imraunes and suaceptibles 
Further the Schick positive persons can then be immum'ed 
b\ givmg subcutaneouslv at intervals of 5 to 10 davs two or 
more mjections of diphtheria toxoid obtained by treatmg 
the toxm with formaldehyde Tbeir subsequent reactions 
will be found to have become negative The Schick method 
is of great value m laige institutions and in the presence of 
epidemics It is not infallible but exceptions are rarely met 
with The toxm for the diagnostic test and the toxoid for 
immunisation can be obtained from a few of the leading firms 
and the doses prescribed b> them can be accepted 

The Did test m scarlet fever m manv respects resembles the 
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Schick test m diphtheria, and appears to depend upon the 
abihty of the individual to neutralise a measured quantity of 
streptococcal toxin The toxm, which, unlike diphtheria toxin, 
IS thermostable, is usuaUy obtamed by growing heemolytic 
streptococci from a scarfatmni soxiice in rabbit blood broth 
for 6 days and filtering The filtrate, a toxin, is injected as m 
the Schick test and the dose is usually 0 1 of a 1 in 1,000 
dilution The positive reaction appears m 6 to 12 hours. 
The reaction is negative in convalescents, but positive m the 
first few day s of scarlet fever 

Protein sensitivity tests A group of morbid conditions 
presenting phenomena resembling those met with in the 
anaphylactic state are, in some cases associated with a sensi- 
tivity to certain proteins Among these conditions are asthma, 
hay fever, and urticaria For diagnostic purposes the skm 
of the arm is lightly' scarified with a 8uig:ical needle over an 
area the size of a threepenny piece, and the protein extract is 
gently rubbed in The numl^r of possible proteins to which 
the patient may be sensitive is very large, and, if no clue is 
derived from the patient it is advisable to test half a dozen or 
more of the “group” proteins eg, milk egg fish, meat, 
bacteria, pollen, etc If a reaction is obtamed the different 
members of the group may be tested out A dozen or more 
areas can be moculated on one arm and a careful chart kept of 
the corresponding proteins A positive reaction is usually 
evident in about 20 mmutes but it is advisable to make a 
second inspection the foJiowing day Hay fever patients 
frequently show a reaction to one of the pollens, but a definite 
result in asthma is the exception If an article of food is 
incnrainated it can be excluded from the diet, or if this is not 
possible, and if a pollen or bacterial extract is the cause, 
desensitisation may be attempted by a course of vaccine treat 
Tnent The various protein extracts required are preferably 
obtamed from a reliable firm 

ANTI-SERA 

Anti sera consist of the blood sera of ammals — m the 
majority of cases horses — ^which have been highly immunised 
against bacteria or their toxms The mjection of such sera 
into human beings is the method of artificially producmg a 
passive immimity The immiuuty thus conferred is very 
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different from that aimed at m vaccine therapy smce the anti 
bodies are m the case of sera manufactured bv the animal and 
injected into the human bod^ The resulting immunity is m 
con'^equence rapidly produced and of short duration 
The antitoYic sera are m most instances standardised on the 
ba<5is of the amount of tOTzn wluch they can neutrali e In 
the case of diphtheria antitovm the smallest amount of 
diphtheria toxin capable of killing a guinea pig of 250 grams 
weight u ithm 4 da} s is first determmed This is knoim as the 
minimum lethal dose The amount of antitoxic serum ivhich 
will neutralise 100 times the minimum lethal dose is found by 
mixing serum and anti serum and then injectmg the mixture 
into a guinea pig without causing death This amount is 
reckoned as 1 umt of antitoxin 
The anti sera are obtained by the repeated moculation of 
horses nith bacteria or their forms until & high degree of 
imrounitj is attained in the horse s serum Ihe nmmal is 
then bled from the jugular vein into a sterile receptacle The 
clear scnim which results after standing or centrifuging is 
pipetted o5 and stored in stenie gla^s capsules in measured 
doses The anti sera are ^iven to human beings b} sub 
cutaneous injection into the loo«e tissues of the anlla or 
abdominal wall or intramuscularly In ca«es of urgencj the 
intravenous route may be employed, but is bv no means 
devoid of nsk The do«© may be repeated m 24 or 48 hours 
but It is rarely advisable to give more than S do'es and 
dangerous to continue for more than a neek 

In favourable cases the temperature drops to normal u itbin a 
few hours and the local and general condition rapidly improves 

The injection of serum is not infrequently follow ed by the 
appearance of a diffuse and irritating rash usually of the nature 
of urticaria and less frequently by painful effusions into the 
joints 

The severe anaphylactic phenomena consisting of rapid 
collapse and death which are readily induced in animals by 
repeatmg the mjection of the serum after an interial of 2 to 
3 weeks are very rarely observed in man Serum reactions 
are to be expected in a patient who has preuously received 
serum treatment and the rensitiiity of such a person max be 
tested by his skm reaction as described in the paragraph on 
protein sensitivitv If a marked dermal reaction takes place 
the serum should be mjected m the smaU initial do«e of 0 05 c c 
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and the amount doubled everj half hour until the requisite 
number of imits ha\ e been given 

The preparation of anti sera is beyond the scope of ordinary 
clinical pathology since the use of large animak is involved 
and reliable sera can be obtained from some of the leading 
chemical firms 

Onlj a brief indication of the mode of preparation and of 
the dosage and use of a selection of the \ arious sera can be 
given here 

Anh dtphthenhc serum The horse is injected with the 
toxm of the diphtheria bacillus obtainetl from the filtrate of a 
3 to 6 weeks old culture of the organisms in broth The dose 
of serum given varies from 2 to 10 000 units The longer 
the lapse of time from the on'^et of infection the higher is the 
dose given There can be no doubt as to the value of this 
serum which should be given in all cases of diphthena 

Antt tetanic serum is obtained by the injection of a horse 
u ith tetanus toxm in increasing doses The serum should be 
given in largo doses until a total of 50 to 100 000 units have 
been administered The injection can be intra muscular 
intravenous or intra thecal The first route is preferable but 
the serum is not so rapidlj absorbed the second is more rapid 
but more dangerous the third has m all probability no advan 
tage over the other routes is more distressing to the patient 
and produces a considerable meningeal reaction 

streptococcal serum The horbe is immunised by a 
senes of injections of a single strain or a combination of 
varieties of streptococci of increasing virulence The present 
day anti sera made agamst the toxm of hamolytic streptococci 
have considerable value in corobatmg the toxic symptoms of 
these mfections They should be given at once in doses of 
20 c c or more and may be followed by injections of the 
appropriate vaccine 

Anh-pneumococcus serum is prepared by immunismg horses 
first uith dead cultures and subsequently if necessary with 
living bacteria The sera of highest titre have been those 
against Type I pneumococcus and by Felton s method the 
serum has been concentrated and freed from 90 per cent of 
the serum protein More recently a polywalent serum to 
Tjpes I and II has been prepared by the same method of 
coneentration The serum shonld be given intravenously and 
m large doses at the earliest possible stage of the disease 
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Anti slaphyhcoccua sera Horses are immunised against 
the COCCI and their diffusible toxins The antitoxic sen are 
of value in acute case** mth positive blood culture 
Anlt^meninyococeus sera maj be obtained for eich of the 
four tjTies of meningococci or a poJvvaJent serum may be 
employed The anti “era so far produced ha^e varied greitiv 
ui potency , and no reliable method of titration his jet b^en 
arrived at The «enim is given into the spinil canal m doses 
upto20cc foranadolt Owing to the absence of complement 
from the spmil fluid the addition of fresh human serum is 
ad\ ised in order to render Ksis effective 

Anii-eofon bact/fits serum is obtained b\ the immuni'ation 
of hordes to mixed strains of colon bicdli In acute coU 
infections of the Lidnev the effect of the serum is <!Oinetime« 
stnhmg but it must be remembered that the cimical fluctua 
tions m this condition apart from serum treatment are offen 
remarkable The •'eruro maj be given in 20 cc do^es on 3 
consecutive davs 

Anti plague serum The horse is immunised nith saline 
suspension^ of the bacilli The first do«es are 8tenh«ed by 
heat In the later doses hvmg bacdJi are given The «eniin 
IS usualh given m 20 c c doses 

Anti-anthrax serum The «erum commonlv employed i« 
that of Sclavo and is derived from asNes immunised bv 
injections first of anti ‘serum and attenuated bicilh, and 
«ub«equenth of nnzlent biciUi 

Anil meastes serum IS derived from the blood of convaleccents 
and has been u«ed as a means of treatment or, preferably, as a 
method of preventing or modifvmg the disease in contact* 
The pooled serum from convalescent cases mav be employed 
or if this ts not available, the serum of any adult vho has had 
the disease m childhood Infection can be prevented in con 
tacts up to o days after exposure TTie di«ea«e can be modified 
if the serum is given between 5 and 8 days after contact The 
serum is ineffective after the ninth dav fteventfon doe- noi 
protect against a subsequent attack Modification produces 
a solid imniumtv at the cost of a very mild attack which 
ccarceh inconveniences the patient The «erum is given 
■subcutaneously, and the do«e should lie 10 c o for children 
over 5 jears and 3 c c for lho»e under 5 year’ Iftbesenim 
1 * obtamed from adults the do«e should be doubled 
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BACTERIOLOGICAL METHODS 

The general apparatus required for the majority of bacteno 
logical examinations consists of — 

Slides and cover glasses 

Platinum wire and Pasteur pipettes 

Forceps 

Culture tubes and crates 
Incubator 
Centrifuge 
Staining reagents 

The slides and cover glasses require no special preparation, 
but are conveniently kept in methylated spirit m wide mouthed 
glass jars until required for use when they are wiped dry 
with a clean cloth After use the slides can be placed m lysol 
for an indefinite time and subsequently cleaned and used 
again 

The platinum wire should be a moderately stout piece about 
4 inches long The wire should be fixed into one end of a 
glass rod about 9 inches m length by heating the end of the 
rod to red heat m the blow pipe flame and plunging the platinum 
wire into it while hot The free end of the platinum wire 
should then be bent round upon itself to form a small oval 
loop The returning end of the wire should exactly meet the 
straight wire and should not overlap it An untidy platmum 
wire IS often responsible for untidy and consequently both 
inaccurate and dangerous bacteriological work 

If comparatively large amounts of fluid are required to be 
transferred from one tube to another it is convenient to have 
either Pasteur pipettes or stenie graduated pipettes The 
former are readily made from glass tubing one end of which 
18 draw n out in a capillary length of about 6 inches, the other 
end being left of the cahbre of the tubmg and of a length of 
about 2 inches The capillary end is sealed in the flame and 
the other end plugged with wool The pipette is then sterilised 
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and when required for use the Up « broken off the capdlarv 
portion IS flamed and a teat is fitted orer the ploggeii mouth 
of the pipette Onlinarj graduated pipette, mai he slenlised 
^Tapped m paper or stacked in metal ca«e>, IffA- 
pipettes should be placed m lisol and thoe of t 
tl’pe are subsequentlj’ de^tro^-ed 
The forceps should be of the ordmai^ strajcrlit vai 
in di(>section or operation work It is convenient 
ha\ e a pair of catch forceps of the pattern known as C 
The culture tubes can be bought readv for use but 
amount of baetenological work required is considerable it is 
more eati^facton and economical to prepare the media m the 
labonitorj The methods of making the media v> ill be describee! 
sub'^equentlv The e^ential media consul of broth and a<^c 
'ilopes and these are sufficient for taking the prmaj^ cultums 
m most ca«e For the complete investigation of organisms 
other media are necessarv \fter inoculation the tubes* are 
preferably placed m basket wire crates lined at the bottom 
with cotton wool The crates can be dispensed with and 
ordinary glasa beaker* or tins ma^ be made use of instead 
The incubator should be one capable of maintaining a con 
stant temperature of 37* C Kehable incubator# proaoded 
n itli etf regulating capLuIee are suppbed br several firms A 
Ie« e\pen«ive apparatus con«u.ts of a copper chamber fitted 
mtli a water jacket and warmed b> a gas jet the beat within 
tlie chamber being controlled by the size of the jet Such aa 
apparatus is liable to varr with ani considerable fluctuations 
m the room temperature 

^Vhen occasional baetenological investigations onJv are 
required a wide mouthed TTiermos fla^k can be readiJr 
adapted The variety of flask made to hold soups or stews 
IS the most suitable and can be fitted with a home made copper 
wire framework capable of holding 4 culture tube® The flask 
iS (Wed about two tbirds/allwilii water at 40*0 a temperature 
which in 18 hours will have ilropped to about 35*0 Such sn 
incubator is sufficientlj reliable for the cultiv ation of diphtheria 
bacdb or indeed the majontj of readiJj growmg pathogenic 
oro*”’i‘*ms 

sutjcut.. TT|a t*tnnft must be capable of startmgslowlr 

oierSvea and stoppmg gradualiv Hand-dnven 

IS obtained t for bringing down urmarj deposits but 

\te for most bacteriological work The beet 
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form of centrifuge is one m which the camere are held m a 
curcular disc or plate, which can run free when the power is 
cut off "With the water driven turbine type a uater pressure 
of 40 to 50 lbs to the square inch la necessary with single-jet 
machines and 25 to 35 Jbs with a double jet When electricity 
13 used as the driving force it is conveniently applied bj a 
motor workmg directly on the spmdle and regulated bj a 
senes of stops connected nith the starting lever A maximum 
speed of 5 000 revolutions to the mmute la sufficient for most 
purposes The noise and vibration set up by most centrifuges 
has been reduced to a minimum m the modem forms which 
are slung by chains from a stand or wall bracket With all 
forms of centrifuge the tubes and earners must be accurately 
balanced before bemg spun 

The staining reagents requisite for all ordinary bacteriological 
work are few in number The majonty of them can be bought 
ready made up m solution, and the mode of preparation of 
each IS given subsequentlj 

The general procedure to be followed when investigating the 
bacterial content of pus or of any body fluid is as follows — 

(1) Make films of the pus 

{ (a) with some simple d}e such as carbol 

(2) Stam them thionm 

( (6) by Gram s method 

(3) Examine the films 

(4) Put up cultures in both liquid and sobd media 

(5) Incubate at 37® C for from 12 to 24 hours 

(6) Examine the culture tubes with the naked eye and with 

a hand glass * 

(7) Make films from the cultures Stam and examme them 

(8) If the organism is m pure culture, sub-culture it from 

the solid medium into the appropnate media If a 
variety of organisms js present, plate out from the 
bqmd culture into Petn dishes 

(9) After incubation of the sub-cultures for 24 hours (or 

longer if necessary) examine them, note the changes 
which have occurred m them, and make film pre 
parations fixim them 

(1) To make films from pus Clean a slide Sterilise the 
platinum wire by heating it to a red heat m a Bunsen flame 
Let the wire cool in the air Take up a loop of the pus and 
spread it evenly by a circular motion so as to make a thin 
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round film about the size of o shilling in the centre of the 
sUde Stenhso the platinum mre Dn the film bj iraving 
It m the air above the flame Fiv by pa&mg it three turns 
rapidly through the flame 

(2) To stam the films (a) With a Simple stain This 
should always be done as a routine The examination of 
films made from the ongmaj fluid jieJds information which 
may be altogether missed m the inrestigation of the cuUnre 
tubes Also an indication is obtamed of the nature of the 
organism, and consequently of an3 special stam that may be 
nece'^sary, as well as of the appropnate media upon which to 
make the cultures 

The be«t general stam is carbol tbiomn The advantages 
of this stam are that it brmgs out the majority of organi m« 
and the cells prc'^nt, and that it la almost impossible either to 
under or over»stam the films 
To stam with carbol-thionin Cover the entire slide with 
the stain do not merely place a few drops of the «tam on the 
film it«elf 

Leave for approximately 3 mmutes 
Wa^h m tap water Blot diy Mount in Canada hatsam 
(The moimtmg of any film which is to be evammed with a 
inch objective is uimece'^ary unless a permanent <pecimen 
is' required since the cedar oil placed directly on the film 
clears it ) 

In place of carbol thionin, dilute methylene blue mav be 
used the staimng process is identical 

(6) B> Gram’s method A modification of the original 
method is as follows — 

Filter methi I violet (p 254) on to the slide 
Stam 1 minute 

Wa^h off stam with iodine 'olution (p 254) 

Cover with the iodine for half a minute 
Wash m methylated spirit and contmue to wash until the 
violet colour eea^es to run firom the film 
Blot drj 

Counterstam with carbol fuch’^m diluted 1 m 10 with tap 
water 

Stam for 2 mmutes 

Wash m tap water Blot dtj Mount 
The prmciple of the stam is as follow^ Methyl violet 
stams the great majontj of all organisms If the film 
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then washed m spmt the stam comes out again But if the 
film, after staining, is treated with Gram’s lodme the methyl 
violet IS fixed in some oigatusnis so as to resist subsequent 
decoloration by spirit, but not in other organisms The 
counter stain with carbol fuchsm is not part of Gram’s method, 
but 18 used to display those organisms which have lost their 
colour m the spirit Gmm positive ” organisms are con- 
sequently coloured violet and ‘Gram negative” organisms red 
Tlie distmction between these colours is more obvious by day- 
light than by artificial light No fixed time is given for the 
decoloration stage m spirit, because the time occupied depends 
largely upon the thickness of the film It must be recogmsed 
that It IS possible to wash the colour out of a ‘ Gram positive ” 
organism or to leave the colour in a Gram negative ” one if 
the washing is too long or too short The alcohol process is 
finished directly the violet colour ceases to run from the film, 
and this point is readily determined if a small quantity of 
clean methylated spirit is reserved for the final dipping of the 
slide 

In addition to a simple stain such as carbol thionin or 
methylene blue and Gram’s method the only other staining 
process m constant laboratory use is tliat for the acid fast 
bacilli and is known as the Ziehl Neelsen method 
The Ziehl-Neelsen method Filter carbol fuchsin (full 
strength) into a large bore test tube Brmg it carefully to the 
boihng point, constantly shaking the tube and keeping its 
mouth pointed away from the face Cover the sUdes u ith the 
boihng stain Stain for 7 mmutes, and dunng that time pour 
off the stain tu ice and add fresh boiling stain 

After 7 mmutes pour off the stam, dip the shde m uater 
and then place m 25 per cent sulphuric acid (It is advisable 
when dealmg with two slides to leave one staming m the 
fuchsm while the other is being decolorised in the acid ) 

When the slide is decolorised place it m tap water The 
red colour mil probably return, m which case replace in the 
acid and then return to the water Kepeat the process until 
the pmk colour fails to return after immersion in water 
Leave in fresh water for 2 minutes 

Counter stain m 1 per cent methy lene blue, diluted four 
times with tap water, for 2 mmutes Wash m tap water 
Blot dry 

In the prelimmary staiomg with fuchsm all organisms and 



218 bacteriological METHODS 

cells are stained red After the acid e\ erj'thmg is decolorised 
except the tubercle bacdlu^ The final washing m water 
brings a brighter red colour into the tubercle bacillus The 
counter stain renders other oiganisnis and the cells blue 

(3) To examine the films Use a No 2 e\e piece a mob 
objecti\e and, when aNailahle, dayhght 

Look for the kind of cell pre^nt In the great majontj of 
such films the«e will be poljTnorphonuclears with an occasional 
mono nuclear cell and possibly a few epithelial cells 

Examine for the presence of bacteria and notewhetherthej 
are cocci or bacilli, whether the\ are arranged m pairs clumps 
or chains and whether they are mainly within the cells o'* 
outside them If more than one \ancty of organism is eri 
denth present observe which variety appears to predotmnate 
If no bacteria are seen m the films the causative organism 
ma> still be recovered in the cultures 

(4) To put up cultures If the pus is taken directh from 
the bod\ It IS commonlv necessary to make both films and 
cultures at the same time In such cases the culture media 
suitable to the suspected organism are chosen If the pus is 
received in a eterde receptacle m the laboratori it is preferable 
to examine the films before putting up the cultures In the 
majority of cases two tubes should be moculatetl, and the^ 
should be a broth tube and an agar slope 

It la often advisable to add a htmus milk tube and some 
blood-containing medium such os a serum agar slope, since 
some organisms, for example, pneumococci and streptococci 
grow poorly on agar m pnmarj culture while otbeft 
mai not grow at all 

To inoculate the lubes Hold the test tube contaimng the 
pus and the culture tubes between the thumb and first finger 
of the left hand The tube& should not be held upright, but 
m a slantmg direction, since dust and organisms may fall into 
them 

Sterilise tfie pfatmum foop m t'fie dhme -fifbnr rt* 

Place the glass handle between the first and second fingers of 
the left hand 

Take a pair of forceps in the nght hand and with a screwing 
motion twist out the cotton wool plugs from the tubes Flaw 
each plug between the third and little fingers of the left hand 
Put down the forceps on the bench 

Take the platmum wire in the n^t hand and pa&. it into tne 
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tube of pus Take out the wire, pass it into the agar slope 
tube and spread it gently over the surface of the medium 
Dip the uire again into the pus, then into the broth tube, and 
shake off the pus into the broth Be careful not to touch the 
sides of anj of the tubes with the wire Sterilise the wire 
and lay it doun 

Pick up the forceps Take each wool plug separately and 
light it in the flame Put the plug still alight, into the tube 
Do not blow the plug out it will cease to bum as soon as it is 
pressed well home in the tube With a blue glass pencil 
mark each tube w ith the date and a distinguishing number 

(5) To incubate the tubes Place the tubes in a wire crate, 
taking care not to knock them on the edge of the crate, and 
place in the incubator at 37® C till the following day Prom 
12 to 24 hours is sufficient time m which to obtain a naked- 
eje growth of the majority of organisms but the cultures 
should not be considered sterile before the lapse of at least 
4 to S days £a.ceptional oiganisms such as the tubercle 
bacilli show little or no growth before the tenth day 

(6) To examine the culture tubes Remove the tubes from 
the incubator and look at them to see if any growth has taken 
place Note the character of the growth in broth and the size, 
shape, colour, and density of the colonies on the agar slope 
Examine the agar slope further vntb a band lens 

(7) To make films from the cultures In the case of a liquid 
medium hold the tube m the left hand, sterUise the platinum 
wire, pass it into the left hand, and allow it to cool Remove 
the wool plug with forceps and with the wire take up a con- 
siderable loop of the broth (or milk) culture Pass the wire 
back into the left hand Ignite the plug and replace it in the 
tube Make as thick a film as possible exactly in the centre of 
a clean slide Sterilise the wire 

In the case of a soUd medium first place a small drop of 
tap water on the centre of the shde, then proceeding as above, 
take up m the wire a small particle of the growth and rub it m 
the water, making as thin a film as possible Allow the 
films to drj Pix them in the flame Stam by Gram’s 
method 

(8) To make sub-cultures It is advisable m the majority 
of cases to “ plate out ” from the broth culture, but this may 
be dispensed with if an examination of the origmal films and 
of the cultures reveals only one variety of organism Particular 



220 BACTERIOLOGICAL METHODS 

attention is to be paid to the nature of the colonies on the 
agar slope and if these appear identical with each other the 
culture may be presumed pure 
^\^len the onginal cultures appear to be pure sub-coltore 
from the agar slope into those media which gne characterLhc 
reactions with the suspected organism In most ca«e 3 it is 
advisable to sub-culture mto btmus milk neutral red broth a 
^election of the btmus carboh\drate broths and on to gelatin 
slopes 

To make the sub-culture hold the agar tube and two or 
three of the tubes to bo inoculated in the left hand Stenh^e 
the wire Allow it to cool Scrape off a colony or portion of 
a colony from the agar slope Shake off the groirth m a 
liquid medium or rub it over the surface of a solid one Stenhsc 
the wire Replace the plugs Repeat with the remaining 
media Label each sub-culture with the name of the medium 
{particularly m the ca«e of tbe earbohjdrate media) the date 
and the name or number of tbe ca«e 
It IS however preferable if the time permits to transfer 
a single colony from the ongtnal culture to a fresh agar slope 
incubate until the next dav and then to inoculate various 
media from the growth derived from one colony 
I\Tien the ongmal cultures are nuxed it is necessary to 
separate the different organisms and this is done b\ means of 
plate cultures in Petn dishes A minimum of two plates 
should be used and if the organisms are varieties of cocci both 
plates «houId contain agar If organisms of the colon group 
are suspected prepare one agar plate and one plate containing 
ilacCbnkev s neutral red medium Tbe plate cnJturesare pre 
pared as follows — Place stab culture tubes in a tall beaker 
filled w ith hot water to abore the level of the medium m the 
tubes Bnng the water to the boilmg point over a Bnn«en 
burner IVhen the media are completely liquid turn out the 
gas and leave for 5 or 10 ramutes Ha^e ready stenle Petn 
di'jhes with well fitting lids Take a melted stab culture tube 
Irom the beaker Twist out tbe wool plug with forceps Pi^‘‘ 
the mouth of the test tube through the flame (to sterilise the 
outride of the glass) Lift up the bd of the Petn dish just 
enough to m«ert the mouth of the test tube Pour tbe con 
tents” of the test tube mto the dish Replace tbe bd and rotate 
the disi.owi as to spread the medium e\enly over its bottom 
As soon^^e platmediura is set inseH with stenle forceps mto 
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the upper lid a piece of stenle blotting paper cut to shape 
and of such a size that the overlapping edges are just caught 
between the nms of the upper and lower lids The paper 
absorbs the moisture and prevents a film of water forming 
over the surface of the medium and so mixing the colonies 
The dishes are then set aside until they are quite cold To 
inoculate them — ^Take the mcubated broth culture tube in 
the left hand StenUse the platinum wire Take one loop 
of the broth culture Put back the broth tube m the crate 
after replacing the plug Lift up the lid of the agar plate the 
mmimum distance Rub the platinum wire repeatedly across 
the agar medium in a succession of parallel streaks Replace 
the hd of the dish Lift the lid of the second agar or the 
AlacConkej plate and repeat the process without rechargmg 
the platinum loop Do not breathe on the plate while filling 
it or while mocuUtmg it After from 12 to 24 hours mcuba 
tion of the plate cultures eaaraine them with the naked eye 
and with the hand glass Observe the tj^pes of colony present 
in those parts of the plates m which the colonies are discrete 
^ote the colour shape and size of the colonies Make film 
preparations if necessary Sub culture from each variety of 
colony on to agar slopes Incubate the sub cultures and the 
following day pass them through the various media 

(9) To examine the subcultures Note the naked eye 
changes which have occurred m each tube at the end of 24 
hours Examine film preparations from one or two of the 
tubes The complete changes will probably not have taken 
place m the media after only 1 days mcubation but with 
many organisms a diagnosis can be made at this stage Indole 
formation in the broth tube may require at least 3 days 
incubation and so may the production of a green fluorescence 
in neutral red broth The complete coagulation of milk the 
liquefaction of gelatin and the production of an acid reaction 
in the carbohydrate media may require some days It is 
advjsaWe therefore to postpeae the jndoJe test as Jong as 
possible and to meubate all the tubes for from 5 to 7 days 
before discarding them 

Pure cultures In routine bacteriological work it is assumed 
that cultures derived from a single isolated colony are pure 
cultures but it is evident that a colony is not necessarily 
derived from a single organism and »t is occasionally jiossible 
by replating the sub culture of a single colony to obtain a 
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mixture of bacterial species E\ en an apparently single 
species can, by special methods, be separated into organisms 
growing m different types of colony The djsenteiy and 
typhoid bacilli for example can be separated into rough 
and “ smooth ’ colomes The “ rough ’* forms tend to grow 
in clumps in broth, they give unstable suspensions in saline 
and they differ antigenicallj from the smooth forms of the 
same species Further, the “ rough ’ forms obtained from a 
vinilent strain are usually <le\oicl of virulence It is con 
sidered that the tw o types of colonies consist of different aggre 
gations of the same species which have developed certain 
inherent characters at the expense of others 

Single colony cultures are still accepted as pure but the 
student should recognise that the assumption is not from 
choice but from necessity, and has led to much confusion in 
the investigations of such problems as the variability and 
mutability of species m culture There is, unfortunately no 
simple method of isolating single bacteria Single-celled 
cultures can be made but the technique of all known methods 
is difficult The ingenious procedure devised by Barnard may 
be indicated here A thin suspension of the bacteria is made 
in gelatin a drop is pheed on a shde, covered noth a quartz 
slip and allowed to set Under the microscope with dark 
groimd illumination a field js found containing a smglo 
organism and with a needle a tiny bead of mercury is worked 
into position over the bacterium The pi-eparation is then 
removed from the micixiseope and exposed to ultra violet light 
All the bacteria are destroyed, except the single oiganism 
lying beneath the mercury globule The shde is then incubated 

at room temperature, and the colony which develops from the 
single cell is taken for investigation 

Blood cultures In health the blood is sterile and the 
recovery of organisms from it durmg life is of pathological 
significance Bacteria may iniado the blood stream m demon 
strable numbers under the followuig circumstances — 

(1) By spread from a local septic focits as in puerperal septic 
lemia from the nfenis or in any other streptococcal infections 
which commence as a local lesion Staphylococci are most com 
inonly grown from the blood jn acute bone di«ea«e and blood 
cultures taken before the bone is opened are usually positive 
Anthrax baciUi are particularly liable to in\ ode the blood stream 

either from the pustule or from the lung m wool sorters disease 
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(2) In ceriain general tn/eetums the causative organisms may 
be foxmd m the blood at some stage, usually the early' stage, of 
the disease Important examples of this form of septicsemia 
are typhoid and the pasteurella mfections, pneumonia, the 
brucella infections, meningococcal meningitis, particularly 
durmg epidemics and m the fulminating cases, and m certain 
spirochiEtal diseases such as Weil's disease and rat-bite fever 

(3) Etgors occurrmg during the course of any bacterial 
infection are the clinical expression of an imiption of organisms 
from some local nidus into the blood stream The penod of 
the rigor and for a few hours after is the most favourable time 
to detect bacteria in the blood and m such infections as those 
set up by' the colon bacillus the blood is almost invariably 
stenie except at the time of a r^or 

(4) InfecUte endocardtUs is a morbid state in which bacteria 
are present in the cardiac vegetations and are at times demon- 
strable in the blood The complete proof of an infective as 
opposed to a simple endocarditis rests during life upon the 
recovery of the causative organism from the blood Unfortun 
ately in a considerable percentage of cases and particularly 
on the chronic type of the disease with low fe\ er, negative blood 
cultures are the rule In ca«es with high fever, ngors or 
infarcts, positive cultures can nearly always be obtained and 
the blood should be taken at the height of the fever or if 
possible during the ngor penod The organism usually 
obtamed and especially m the post rheumatic cases, is 
Slrepiococcm vtrtdans (p 97) Other varieties of streptococci, 
some of which may be hiemoly tic are al«:o met n ith Pneic 
mocoect are a less frequent cause of infective endocarditis, 
while enterococci and numerous other bacteria have been from 
time to time reported 

The table of the resvUs obtained from blood cultures In 
mfective endocarditis a iiositive blood culture completes the 
diagnosis, but a negative result has httle significance Vacemes 
prepared froro positive rtthwe-s ami of xo direrf heriedt to the 
patient, but m the less acute cases a senes of small blood 
transfusions — from 50 to 200 c c of blood at a time — ^from a 
donor immimised to the infecting organism has appeared to be 
of temporary benefit in some cases In local lesions the 
cultivation of organisms from the blood stream is of serious 
import, but a considerable proportion of such cases, in which 
streptococci or staphj lococci are grown, make a good recovery 
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when the Jocal condition has been deaJt with The identifica 
tion of the infecting organism enables the appropriate anti 
serum to be used and autogenous vaccines are sometimes of 
value In general disea*^ associated avith septicjenna such 
as the entenc fevers blood culture is the earliest and the mo-t 
certam means of diagnosis 

In estimating the significance of organisms obtained from 
the blood it must be realised that the bacteria present in the 
culture tubes do not nece*!sanly come from the circulation 
Siui contaminations are not evfremely infrequent m sLi/fed 
hands Thej are almost the rule if great care is not taken 
with the technique The organisms most frequently obtamed 
m contaminated cultures are staphylococci particularly S 
albus diphtheroid bacilli and bacillus subiihs 

The mode of performing a blood culture The materials 
required are a sterile synngc and needle culture media a 
tourniquet sterile snal» and a towel a bandage and an 
alcoholic solution of iodine 

The springe should be an all glass mstniment capable of 
holding 10 c c The needle should be a modemtelv stout one 
inth a sharp point and a short bevel It is as well to be 
provided with two needles and to test the permeability of both 
before Btenhsmg The plunger is removed from the barrel of 
the syringe and the two parts are separately wrapped in cotton 
wool to prevent bumpmg placed m a steriliser or ordinary 
saucepan filled with uater and boiled for half an hour The 
syringe is picked out with stenle forceps while the water is 
still hot and wrapped with the needles in a sterile towel 
The syrmge will be dry when required for u'^e The needles 
are separately sterilised by placing in a beaker on a layer of 
cotton wool covering with methylated spint and boilmg for 
3 ramutes 

The culture medium requisite for most purposes con^i'ts of 
ordinara beef broth and 4 tubes are required or as an 
alternatire 1 tube of brotb 2 of htmas milb and J of jnmced 
beef medium 

The todme solution is the same as that used before ordinary 
surgical operations and consists of a 2 per cent solution o 
iodine m rectified spints of wine , . 

The blood ts obtained as ftdloits — ^The patient should 
lying m bed with the selected arm supmated fuUv ^tended 
and drawn well auay from the side but resting on the bed or 
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on a piJlon, and wjth the feco turned toivard.9 the opposite 
shoulder Fasten the totirniquet tightly round the arm in 
such a vray as to compress the main vessels and teii the patient 
to clench his fist The tourniquet is conieniently a piece of 
stout nibber tubing 2 feet long Holding one end m the left 
hand m ith the right hand stretch the tubing round the upper 
arm and everting traction all the time pass the end held 
m the right hand round the end held m the left hand and then 
loop it back under the taut tubing round the patient s arm 
To release the tourniquet pull on the looped end Choose 
the largest vein about the bend of the elbow this is almost 
m\ariably the median basilic The \ein can be readily seen 
and felt m almost all subjects but occasionally in young 
well nourished women it is possible only to feel the vein If 
the arm is cedematous the vein may be neither seen nor felt, 
and m such circumstances it is advisable to expose it as for 
an ordinary venesection When the vein has been rendered 
prominent place a piece of waterproof sheeting imder the 
arm and pamt a considerable area of the skin over and round 
the vessel w ith the iodine solution Wash the hands thoroughly 
and surround the patients arm with a sterile towel Take 
the synnge with the needle firmly attached and pass the needle 
slowly and steadily through the skm into the vein holding 
the synnge with the needle pointmg m the direction of the 
blood flow and the barrel of the synnge as nearly parallel as 
possible with the patients forearm Withdraw 10 c c of 
blood release the tourniquet and remove the needle and 
syringe Immediately press a sterile swab upon the puncture 
mark Dmde the blood among the 4 broth tubes placing 
1 c c m the first tube 2 c c m the second 3 c c m the third, 
and 4 c c m the fourth It is found that by varjnng the 
proportions of blood and medium in the culture tubes a growth 
of the organisms is more certainly obtained and it not infre 
quently happens that growth only takes place in the tube 
containing the least blood Before leaving the patient pamt 
the puncture wound with iodine and if it is still oozing cover 
with a piece of sterile gauze and bandage it 

The culture medium employed is commonly broth but this 
must naturally be varied with the nature of the organism sought 
for In infective endocarditis it is often preferable to use the 
three different media previously mentioned since some strepto- 
cocci grow poorly m broth and others prefer partial anaerobic 

cmiCll FATBOIOOT IS 



226 BACTERIOLOGICAL METHODS 

conditions which are providedin the minced heef medium Tie 
media should be incubated at 37“ C for 24 hours uhen a 
culture is made from each broth tube on to an agar slope and 
the tubes are again incubated It is an additional advantage 
to put up one or two of the onguia] culture tubes underanaerobio 
conditions The majontj of organisms grow m from 1 to 2 
da\s but "some of the streptococci found m ca es of infective 
endocarditis grou verj slowlj.and all cultures should be kept 
at least 7 da\ s before they are final!} pronounced to be sterile 
Eien if no risible growth be seen m the broth it w advisable 
to make and eTamine films and to siib-euJtare at intery&h on 
to sobd media The organisms present, having been obtained 
in pure culture should be examined as to their nature bv the 
ordmarj methods 

Tuberculosis The methods of demonstratmg the tubercle 
bacillus differ with the nature of the suspected material In 
the ca'ie of apufaw it h advisable to collect a nnved «arople of 
the matter expectonted in the 24 hours ^^Tien the sputum 
IS «cmt) or the tubercle bacJh are fen in number, the earl} 
morning sputum should be pirticularJj evamined Quite 
%oung children commonly swallow the sputum and it mav be 
impossible to obtam sufficient for examination In 'uch cases 
the bacilli may be demonstrated in the fsces A more certain 
method of detecting pulmonar} tuberculosis in a joung child 
is to perform ga«tnc lavage m the earl> morning on the fitting 
stomach The waslimgs are centrifuged film preparations are 
made and a guinea pig is inoculated 

Sputum IS emptied into a wide mouthed bottle provided 
with a well fitting cork Five tiroes the volume of 1 in 20 
carbolic acid is added and the mixture shaken thoroughlv for 
about 5 mmutes Tlien stand till the next rooming After 
standing pour off the lajer of mucus which has separated off 
at the top of the bottle together with the supernatant fluid 
leavmg the deposit of pus Centofuge the deposit Shake the 
sed/ment ca to & shAo heiA m the Je/4 hand Take a 
second gla's slide in the ngbt hand, holding each slide at it« 
extremitv Pre«s the top shde with a to and fro movement 
several times firmly over the under slide untd an even film 
of sputum xs spread over both slide- ^\ipe the backs oft e 
slides drv the films and stam them 

The slides should be exammed under the ml Jimner»ion 
lens and at levst a quarter of an hour «hould be spen 
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oij them before the tubercle bacillus is pronounced to bo 
absent 

^\Tien tuberculosis of the long is strongl^y suspected on 
clinical grounds and the bacilli cannot be demonstrated by 
this uaj, the ** antifor mni * method ma\ be u'led ‘ Anti 
formin ” can be prepareT^iij making a stock solution of equal 
parts of liquor sodfe chloriiiatae (B P ) and 15 per cent sodium 
h; (Irate A 20 per cent dilution of this in tap irater is. shaken 
u ith about one fourth its bulk of sputum and left until all 
the gas has been eiolved and a fairly homogeneous solution 
has resulted The mixture is then centrifuged at a high 
speed Films are made from the sediment and stamed in the 
usual u ay 

The effect of the antiforram is to dissolve almost e%er> thing 
in the sputum except the tubercle bacillus, the «axy con- 
stituents of which are not acted upon 
Cultures can be made from the sediment after washing it 
free from antiformm with distilled water or animal inoculations 
maj be carried out 

In the case of unne, collect the deposit of the urme passed 
during the 24 hours Treat the deposit with carbolic acid and 
prepare films m the same manner as with the sputum The 
advantage of investigating the deposit obtained m this waj 
rather than that from a catheter specimen is that the bacilli 
are less likelj to be missed since they are not necessarily 
passed with every •sample of unne The disadvantage is that 
smegma bacilli are likely to be present The smegma bacillus 
IS usually decolonsed if the hluis are passed through alcohol 
In the case of all urinary pus, therefore after decolonsation 
m acid, wash m water and then soak m methylated spirit for 
2 minutes Then w ash m water and counter stain m methylene 
blue 

The examination of urinary slides should be made with 
particular care, since numerous erroneous diagnoses of tubercle 
bacilli have been made The error lies as a rule in mistaking, 
not the smegma bacillus, but the bacilli of the colon group, 
which may be present and stained red The colon bacillus 
IS in no sense acid fast, but it is not infrequent to find that 
urinary crystals, or even large epithelial cells, have held the 
fuchsm stain m the acid, and that the stain diffuses out over 
a small area m the tap water stage and stains the bacilli in 
that area a bright red Such bacilli are seen to be lying on 

15 — i 
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a red bnckgroxmd and the mistake I** thus easilj recognised 
The slide must be again decolorised The red tubereJe haalh 
must be seen to ho on a blue background Acid nnd alcohol 
fast bacilli maj also be found in small numbers in new gJaw 
^\a^e, in tap water and m other reagents The^e bacilli are 
usuallj «;horter and stouter than the tubercle bacillus and are 
as a rule not beaded In all ca«es of uncertainty guinea pig 
mocuhtion should be practised In the ca^e of /aces tubercle 
bacilli are commonly \ery scanty exceptwhen actual ulceration 
of the gut IS present It is advisable to take a small quantity 
of the f»cea and treat it with antifornun Films are made 
from the centnfugecl deposit and stained m the same manner 
as for sputum 

In the ca«e of tuberculous piut such as mav be obtained 
from a ca«eous gland a tuberculous joint etc the bacilli are 
sometime^ numerous but in the great majonty of ca«e9 arc 
extremely scanty Such material is best treated at once with 
antiformin and scanty bacilli can frequently l>e demonstrated 
in this way Antiformin gives better result® "ith tuberculous 
pus or tissue^ than with «putum 

The detection of tubercle bacilli m pleural peritoneal and 
cerebro spinal fluids is dealt with in the section which treafs 
of tfae«e exudations 

The culliiation of tubercle bacilli i« inreh etiocessful if 
attempted direct from the human }esion oumg to the slow 
grouth of the bacillus and the frequent presence of other 
readih grow ing organisms non*! it often necessar\ to cultivate 
the bacillus since in the great majority of cases it can be 
recognised in film preparations hen a culture of the organism 
18 desired the sputum urmary deposit or caseous pus is first 
inoculated into a guinea pig and the cultures are made from 
the resulting lesion m the animal A less certain method is 
D tieat the body fluid with antiformin wash awai the anli 
brmin w ith sterile saline and then put up cultures from the 
entrifuged deposit Cultures may made m gly cemre braf 
or on Dorset s egg medium but the liquid egg medium o 

Besredka (p 2o0) is advised It is ensilv prepared and gro'vth 

is rapid a gramdar deposit of tubercle baciih appearing « itnin 
3 to 5 days 

The iMoculaboji of animals may be nece<siri m o™" 
prove the tuberculous nature of a bodi flmd »» which e 
bacilli can neither be found nor ciiltiratwl or to jdentifv 



SYPHILIS 


229 


exact nature of the acid fast organisms present The material 
for inoculation is preferably injected into the thigh of a guinea 
pig but if the bulk is too great for intramuscular injection 
the inoculation is made into the peritoneal cavity About 
10 days after injection into the thigh the inguinal gland 
becomes palpably enlarged In from 2 to 3 weeks the spleen 
becomes infected and the animal dies of generalised tubercu 
losis m from 8 to 10 weeks after inoculation The injections 
are made with strict aseptic precautions and preferably two 
animals are inoculated After killing the animal the bacilli 
are readily identified in the more advanced lesions w hich show 
the typical gross and microscopical changes of tuberculosis 
Syphilis The method of obtaining the material for exnmina 
tion has been described in the section on the 8 pallida The 
fluid is examined in one of the following ways — 

(а) The Indian ink method The most suitable variety of 
Indian ink is that known as cbm cbm liquid pearl The 
bottle must not be shaken 

Place at one end of a clean slide a small drop of the ink 
Take a platinum loop of the exudate and thoroughly mix 
it with the ink With a second slide make a thin film of the 
mixture in the same manner as m making a blood film 
When dry examine direct with the oil immersion lens using 
artificial light The spiroch'etes are seen as white refractile 
threads on a brownish black background 

It 13 difficult to get a good preparation by this method and 
spiral breaks in the ink film are oioen mistaken for spirochetes 
It is the simplest but much the least satisfactory method 

(б) By Giemsa s stain Make on clean slides two or three 
films of the secretion with a platinum loop 

’IVhen dry cover with absolute alcohol and leave for 15 
minutes 

Make up from the stock Giemsa s stain a mixture of 9 c c 
of distilled Abater and 1 c c of the stam 

Your oft the a’iccfti6\ aiiA covet witti ftie stam Sor 46 minutes 
Wash in a rapid stream of distilled water 
Dry and examine with a mch objective 
The iS' pallida stains a rose pmk colour, other spirochsetes 
and bacteria blue The difference m shade between the 
sy philitic and other spirochaztes is frequently far from obvious 
and greater reliance is to be placed on the morphological 
pomts of distmction 
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(c) By Fontana s method Spiroch^Ptesaremucfamorereadil} 
seen m films treated as folJons — 

Drj film m air without heat 

Fix for 1 minute, renewing fltucl twice m the following 
mixture 1 c c acetic acid 20 c c commercial formalin 
100 c c distilled water Alordant in a 5 per cent solution of 
tannic acid in a I per cent waterj solution of carbolic acid 
Heat jn this solution until the steam ri«es for ^ minute Wa«!i 
15 to 30 seconds m tap water Donotdrv Stain in 0 per 
cent solution of siUer nitrate m distilled water to which 
immediately before ii^e just sufficient ammonia has been 
added to produce a slight turbidity Heat till steam rises and 
leave for | minute 
Wash m water Blot dry Mount 
Spirochffites are stained black 

(d) The dark ground illumination (the ultra microscope) 
A special condenser (the paraboloid condenser) is used for 
this method of mtestigation It is fitted into the collar 
prepared for the ordinary condenser A stop ‘ is also used 
which fits into the inside of the inch objective SjiecM! 
tlun slides and cover glasses should also be obtained The 
illuminant must be a powerful one and should either be a 
small arc or a Nernst lamp the rays from which should be made 
parallel by means of a water bottle condenser and projected 
on to the plane mirror of the microscope The micro'ccpe 
should be vertical 

\ drop of the fluid is placed on the centre of the slide and if 
only a small quantity w available saline should be added 
The cover glass is carefully let down on to the slide ‘<0 that 
all air bubbles are avoided 

A. drop of cedar od is placed on the upper surface of the 
condenser and another on the under surface of the slide The 
condenser is racked up until the two drops coalesce 

A third drop of oil is placed on the upper surface of the 
cover glass and the objective is focus'sed after first directing 
all the available light through the preparation 

Instead of an immersion Jens the J inch objective and a 


high eyepiece may be substituted 

The spirochstes show as shimng white refractile bodies on 

Pro'e *''°"dTOntage of this method i. that the motilitj of the 
hacllli can I ^ ^ stadied and jt is the method of choice if » 
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sufficient number of investigations are made to warrant the 
permanent assemblage of the apparatus 
Gonorrhcea In the male the recognition of the gonococcus 
in a purulent urethral discharge is common!} a simple matter 
and in the ^ ery great majority of cases the causative organism 
of an acute urethritis is the gonococcus Occasionally some 
other oiganism is the cause of the inflammation and in some 
cases a discharge of pus from the urethra has an external origin 
as for example a prostatic abscess and may bo caused by 
the colon bacillus or a staphylococcus In cases of chronic 
gleet so long as there is a considerable urethral discharge 
gonococci commonly remain fairly numerous Gonococci 
maj m exception il cases produce a urethritis associated with 
the causative organism which lasts for j ears Not infrequently 
a history will be given of a urethritis which cleared up some 
jears previously and which has again recurred In such a case 
if a thick purulent discharge loaded with gonococci be found 
iC IS extremely probable that the patient has exposed himself 
to a second infection The latency of the gonococcus m the 
urethra is a most important question and the examination of 
the urethra for e\adence of such mfection is a procedure 
requiring the co operation of the surgeon and the pathologist 
If a slight morning discharge is present or if pus cells and 
prostatic threads are found in the morning specimen of urine 
or even if the patient can detect no discharge at all the urethra 
may still be infective In all cases m which the patient seeks 
advice as to mfectivity and particularly with a view to 
matrimony a thorough search has to be made for the gono 
coccus as well as for climcal evidence of urethral inflammation 
The patient should come for examination m the early monung 
under instructions to hold his water until he has been mvesti 
gated The orifice of the urethra should be first examined 
and if any discharge is found film preparations should be made 
from it and cultures taken on serum agar The urine should 
then be passed and examined by the naked eye for prostatic 
threads The urine should then be centrifuged and the deposit 
searched for pus and epithelial cells and if these are present 
gonococci should be carefully looked for The anterior urethra 
should next be thorough!} irrigated with sterile water The 
patient should then be placed on his hands and knees and 
vigorous massage of the prostate performed Several minims 
of clear or turbid prostatic flmd can usually be made to flow 
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out from the urethra, and this is collected and examined for the 
presence and nature of the cells and oTg^nisma The nnnarr 
examination alone for gonococci should never he depended 
upon, since it is onlj exceptionalh that gonococci can be 
recognised m a urinarj deposit If a purulent morning dis 
charge is absent, if there is no pus m the urine, and if the 
prostatiG fluid is clear and contains onij mononuclear cell* 
the patient, in the absence of clinical signs or sjmptom« is 
probably free from gononheea If an} of t}ie«e ibnormahtie' 
are present the gonococcus nia> or maj not be found AU 
cases of residual urethritis or prostatitis after gonorrheea are 
bj no means due to the gonococcus railure to find the 
gonococcus at one exanunation does not, however, exclude the 
possibilitj of infectivity A further search should be made 
and conducted on the same Imes but after the passage of a 
large sized «ound and the tmgaUon of the urethes mth strong 
silver solution The inflaroraatoi} ceUs resulting from tbe«e 
procedures should be searched for gonococci If no gonococci 
are found the patient is as certain!} free from mfection as a 
reasonabh careful investigation can prove 
The exanunation of the female gemto urinar} tract for 
gonococci IS less conmionl} 8ucce«sful, even m the acute rtage, 
and greater reliance «liould be placed on the cultural than on 
the film results Before pronouncing a woman free from 
mfection at least three tests should be made Films and 
cultures should be taken from the interior of the urethra from 
the cerA ical canal after pa««ing a speculum, from the vagina 
and if climcall} infected, from Bartholm’s duct 

The culture tubes u«ed should, if possible, be kept warm m 
the incubator until required and replaced as soon as pos'iible 
after inoculation After 24 to 48 hours’ incubation, an\ «maU 
translucent colonies should be picked off and stained by Gram s 
stain After taking sub-cultures, if required, the tube can 
be treated as follows Slake up a I per cent solution of 
dimethyl para phenylene diamine hi drocblande (Brjt)-h Drug 
Houses) m distilled water Gently wash the surface of a slope 
culture with about 4 c c of the reagent Within a few mmutw 
the gonococcal colonies become pink and in half an hour black 
The reagent is extremeh useful for detecting gonococcal 
colonies m mixed cultures from the urethra Film preparations 
can be made from the stamed colonies, hut the bacteria are 
killed 
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Diphtheria The taking of swab and culture for the 
identiBcation of the diphthena bacillus and the differentiation 
of this organism from similar bacteria have been described 
under the heading of the diphthena bacillus 
An alternative culture medium to blood serum is the 
potassium tellurite medium of Douglas (p 250) After 8 to 
12 houm’ incubation, the diphtheria colonies are black and 
those of other bacteria almost colourless Later all colonies 
become black, but the medium is of definite assistance m 
obtaining the organism in pure culture 
The examination of the culture is conducted as follows — 
Twelve hours’ incubation at 37“ C is sufficient to obtain a 
growth of the organism After mcubation examine the 
colonies with the naked eje and with a hand glass 
Make a thin film from the most suspicious colonies Dry 
and fix the slide 

Pour on Lbfiler’s methylene blue and leave it for 3 
minutes 

Wash in tap water Blot dry and mount 
LbSler’s methylene blue consists of an alcoholic solution of 
the dye \nth potassium hyilrate added The beading of the 
bacillus 13 more satisfactorily displayed by means of this 
stain than with the ordinary dyes such as carbol thionm 
The identification of the bacillus on morphological grounds 
is a matter requiring practice and the student is advised to 
supplement the simple stain by other methods The bacilli 
are Gram positive, and, further Neisser’s method of staining 
may be used to distinguish the diphtheria bacilh from other 
organisms , but it must be remembered that certain of the 
diphtheroid bacteria cannot be differentiated by this means 
The followmg is a modification of Neisser’s stain — 

Make a mixture of 2 parts of a solution composed of 
Methjlene blue powder, 1 gram , 

Absolute alcohol 60 c c , 

Glacial acetic acid, 60 c c , 

Distilled water, 1 000 c c 
and 1 part of the solution 

Crj stal violet, 1 gram , 

Absolute alcohol, 10 c c , 

Distilled water, 300 c c 

Stain m this mixture for 2 minutes Wash rapidly m 
water. 



234 BACTERIOWGIGAL METHODS 

Counter stain for 16 seconds in the follotmg 'solution — 
Cresoidin 1 gram 

(dissolved in 300 c c of wann water and filtered) 

Wash in w ater Drj and mount 

The body of the bacillus is stained brown and the granules 
blue 

The bacterial investigation of viscera It is occasionaUv 
necessary to investigate the bacterial content of a closed viseus 
such as a ey st or a py osalpinx 1^6 procedure is as follows — 

Place the specimen on a clean plate Heat a metal spatula 
to red heat in the fiame anti smear it firmly over the surface 
of the specimen With a stenle hnife cut through the seared 
surface into the centre of the specimen Hold the edges of 
the cut apart with a pair of sterile forceps With a platinum 
loop make films and cultures from the pus or from the fluid in 
the ^ iscus 

The bacteriological examination of viscera post mortem is 
conducted m the same manner In cases of general infection 
und particularly m typhoid fe\er the causative organism nm 
be obtained in pime culture from the spleen ]uice Owing to 
the rapid eniigratton of organisms from the intestinal tract 
into the viscera at the time of death post fnortem bacterial 
findings should always be accepted with reserve 

Enumeration of bacteria An estimate of the number of 
organisms present in such substances as pus or faces can be 
mide In mixing a measured volume {eg 0 1 cc) of the 
material w ith 10 c e of melted gelatin or agar pouring out in 
a Petrj dish incubating and counting the number of colonies 
which develop A convenient method for estimating the 
number of bactena m fluids such as water milK. or urine is 
the following Take JO sterile broth tubes each containing 
9 c c of media With a sterile pipette add I c c of the fluid 
to tube 1 Shake and mix well JVith a fresh pipette take 
1 e c of tube 1 and add to tube 2 and contmue with the 
remainder of the tubes The sample must be tal en and the 
dilutions made at the source and before any multiplication 
of bactena can have occurred The tubes are incubated or 
3 day s The last tube in which grow th occurs gu es the number 
of bacteria per cubic centimetre If growth occurs up to 
tube 6 the number is 100 000 All tubes m which growth 
occurs should be plated on agar and AlacConkev s medium o 
determine the type of organism present 
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Anaerobic cultures Bj an amerobic culture is meant the 
mcubatjon of an organism in an atmosphere free from oxygen 
The simplest method of obtaining such an atmosphere m 
liquid media is to bod the medium in order to expel the air 
and while still hot to pour on to the surface of it a lajer 
about h inch deep of sterile vaseline The tube is best inocu 
lated with a Pasteur pipette which is passed through the oil 
along the side of the tube Care is taken not to introduce air 
when ejecting the contents of the pipette 

For slope or plate cultures a convenient apparatus is the 
anaerobic jar of McIntosh and Fild^ It is used as follow s 
The cultures are placed in the jar The palladium chloride 
asbestos is heated to a red heat and the lid with the tap 
closed is rapidly screw cd on to the jar The tap is opened and 
connected by pressure tubing with a hjdrogen cylinder When 
the water ceases to form m the jar the asbestos ceases to 
glow and the jar cools The tap is then shut oil and dis 
connected The apparatus must be used with care 

Animal inoculation Animal inocuKtion is resorted to for 
purposes of testing the pathogenicitj of an organism or for 
isolating It or for determining its nature The animals most 
commonly employ ed are guinea pigs mice and rabbits 
Animal inoculation is commonly practised also as a diagnostic 
procedure m those infections in which the causative organism 
cannot be detected by other methods Thus in the spiro 
chsetosis of infective jaundice injection of the patient s blood 
into a guinea pig is followed bj death of the animal m whose 
viscera the spirochjetes can readily be detected In the case 
of many vinis diseases animal inoculation may be the onlv 
means of diagnosing and of propagating the infective agent 
Inoculations should always be carried out with ordinary 
surgical precautions as to cleanliness of the skin and sterility 
of the instruments used Intiapentoneal injections should 
bo made m the mid line high enough to avoid the bladder 
but below the lower level of the stomach Intravenous 
injections are most commonly given into the ear vem of a 
rabbit The marginal vein is chosen and after ehpping the 
hur and cleanmg the ear with ether a brisk massage with a 
Swab moistened with \ 3 I 0 l will make the vein stand out 
The needle attached to the synnge is gently tlireaded into 
the vein and a little pressure applied to the piston If the 
needle is m the vem there is immediate blanching of the vessel 
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and the fluid can be injected If the needle is outside the %em 
a s\\ elling appears and either another vein or a different part 
of the «ame lein must be selected Intradermal injections 
are made in the same wa\ as m man but it is fir^t necessarr 
to prepare an area of skm free from hair This can be done 
Mith a razor after clipping the fur or uit , a depihtorj paste 
the first method is apt to lea\e scratch marks and the second 
method to cause an inflammatorj reaction in the skin An 
alternative uav is to pluck the hairs a process attended bv 
remarkably little disturbance to the animal 

Filtration In bacteriology filtration is made use of for — 

(1) Clarification 

(2) The removal of ordinary bacteria — bacterial filtration 

(3) The separation of one filterable \ irus from another or 
the remo\ al of filterable viruses— ultra filtration This last 
procedure requires very special technique and tnll not be 
described here 

Clarification which has as its object the removal of gross 
particles and obtaining a clear filtrate is employed m the 
making of media and as a preparatory step m bacterial filtra 
tion In the former ca«e one makes u«e of filter paper ganze 
Imt or glass wool arranged m a suitable filter funnel whiLt 
the latter is most readily carried out w ith one of the Schott 
and Gen Jena gh«s filters which are made m four porosities 
^o 1 100 120/1 No 2 ^0-50/1 No 3 20-30/1 No 4 
5-10 /I 

Bacteria] filtration is employed for the sterilisation of 
and serous fluids the separation of bacteria from their toxins 
and the separation of the ordinary bacteria from filterable 
viruses There are numerous makes of filter candle or filter 
discs available for this purpose two types onI\ will be 
described here the Seitz filter and the Chamberland filter 
candle 

The Seitz filter consists of a compressed disc of asbestos 
woo] which IS mounted m an apparatus designed for the par 
pose and made by the Seitz Company (Fig 22) The«e discs 
are made in three sizes — 3 cm 6 cm and J4 cm — and two 
porosities — K for cianfying and E K for remorag 
bacteria These filter discs are efficient and cheap 
are used once only and thus the tedium of cleaning the filter 
after use necessarv in the case of filter candits is oblate 
The Seitz apparatus m which the two parts are held together 
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by pins and flj nuts is much more satisfactorv than the model 
ID which the parts screw together 
The Chamberland filter is an example of a porcehin filter 
candle It consists of a tube of 
porcelain closed at one end the 
upper half of which is glazed 
Chamberland candles are made in a 
^a^letJ of sizes and a gradation of 
porosities from LI the coarsest — 
merelj a clarifying filter — to Lll 
the finest The LI bis L2 and L3 
candles ate those most frequently 
used in bacteriological uork 
Technique of bacterial filtration 
JTew filter candles should be washed 
through thoroughly and tested for 
gross defects before being taken into -2 — Seiw Filtering 

use This IS done by forcing air 

through the candle w hen submerged in w ater the escape of 
large bubbles at an\ point of the sutlace indicates a gross 




Fio >3 ^aiounting ol Candle B Trap inserted between 

Cl ambertand I liter Filler Fla^k Pump and Uanometer 

Candle m Flask * C Merturjr Manometer 


leak and the candle should be discarded The candle or 
Seitz filter as-sembled with filter disc m place is mounted in a 

• Reproduced from A System of Bacteriology bv kind perm ssion of the 
2iledicsl Research Council 
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filter flisk b} means of a rubber bung ^\^th suitable perforatioo 
(Figs 22 and 23) The side arm of the filter flask and the 
open end of the filter candle or Seitr apparatus are plugged 
^\ith wool The filtering apparatus is then sterilised in tbe 
autoclave After sterilisation ail joints or flj nuts (Seitz 
filter) are tightened up — the filter is then readv for u<e The 
filter flask is attached b\ its side arm to an air pump — Gervk 
or water pump — bj means of pressure tubing The pump 
•should be furnished mth a manometer to control the pre^ou-e 
and m the case of a water pump ^v^th a trap con=i ting of a 
bottle with rubber bung through which pass two glass tubes 
This trap should be inserted between the filter flask and the 
pump its object being to prevent water being drawn over into 
the filter flask should the water he turned off while there i 
still a negatue pre'isure in the flask The fluid to be filtered 
IS then introduced into the candle or the container above the 
filter disc m the Seitz apparatus and the fluid drawn through 
the filter b\ creating a negatne pressure inside the filter 
flask Onlj moderate pressures up to 30 cm of mercurj 
should be nece«san, to do this The filtrate is collected hr 
means of a sterile pipette after removing the rubber hung and 
filter candle or Seitz apparatus In all ci'es it is nece«san 
to know that the filter is bacteria tight This is ascertained 
b\ either adding a suitable test organi«in such as £ prodisiasut 
to the fluid being filtered and testing for its presence m the 
filtrate or bj filtering a suspension of the test organi m after 
the pnman filtration has been earned out After u«e the 
^itz filter IS sterilised m the autoclave taken to pieces and 
the filter di«c throivn awa\ Tlie parts are then cleaneil and 
reassembled with a new filter disc The Chambcrhnd candle 
should not be sterihsed ba heat after use but should be dropped 
into 2 per cent Ijsol and left there for at least an hour The 
filter flask can be stenli«ed in the autoclaae After coming 
out of the I3 sol the candle should be brushed w^tll a «tiff bru* 
under running water and treated as follows — 
fl')' i5raw tfirongfi 2Vcv i*percvird tnndwiw •bJ'dw.te ,/ona 
candle) , 

(’) Draw through 100 cc VI HCl and then tap nafernntu 
the filtrate has a pH of about 7 4 
(3) Dram and dn 

Certain points should be observed m bacterial filtration 
(1 ) The least pressure should be used necessary to draw ^ 
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fliud through the filter Hus usually about 10 cm of 
mercury 

(2) Filtration should be rapid If slow , bacteria may be 
draw n through 

(3) Too great a quantity should not be passed through the 
filter For the small Seitz disc and the small Cliamberland 
candle the \olume filtered should not be greater than 20 c c 

(4) the object of the filtration is to obtain a filterable 
VITUS in the filtrate the pH of the fluid filtered should be 
about pH 7 6 as in this na> loss by adsorption will be 
minimised Broth is preferable to saline or Ringer as a diluent, 
as it IS know n to facihtate the passage of many viruses through 
the filter 

(5) A record of filtration should be kept noting the amount 
filtered the pH of filtration the time taken the pressure ii'sed 
and the result of the bacterial test 

Special staining processes Capsuks can usually be sun 
unstained and in Gram stained preparations appear as a pale 
space round the bactena The capsules of pneumococci 
treated by the specific antiserum stain readily and this reaction 
forms the basis of a rapid and simple method for typing m 
sputum, pus or cultures The technique is as follows Mix 
on a, slide 4 loopfuls of Type I serum with J loopful of sputum 
or pus Mount with a cover glass and seal with vaseline Put 
up similar preparations with Types II and III sera Leave 
20 minutes Slide off cover slips and place them in carbolic 
scrape off aaaelme with a knife and allow the film on the slide 
to dry Wash in tap water to remoae the serum Stain with 
dilute carbol fuchsin 3 minutes, wash and counter stain for 10 
seconds with carbol thionin wash and blot dry The cocci 
are stained almost black the capsules mixed with the homo 
logous semm are swollen and stained red whereas the capsules 
mixed with the heterologous sera are unaffected and remain 
as unstained and relatively small clear spaces round the cocci 

Spores Fix the film after dry mg by passing many times 
through the flame 

Stain with boiling carbol fuehsm givmg several changes 
for 10 minutes 

Dip in acid alcohol (99 c c alcohol, I c c HCl) 

Blot dry 

Stain in dilute methylene blue 2 minutes 

Wash in water Dry Mount 
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The spores are red and the bacilli blue The difficultj with 
the process lies m the differentiation with acid alcohol With 
the majority of spores it is difficult to get the fuchsm to pene 
trate them sufficiently to allow more than the most rapid 
dipping m the spirit Succecsful preparations hare quite a 
striking appearance but it is usually easy to recognise spores 
m ordmarj carbol thiomn preparations and to distinguish 
them from beadmg of the bacillus their regulir shape and 
clean-cut outline 

Flagella Film preparations are made from a growth on a 
solid medium 

In making the fflms care is taken to aroiil picking up any 
of the medium and to spread the bacteria as thmly and erenly 
as po'ssible Prepare the following mordant — 

Tannm 2 grams 
Water 20 c c 

Ferrous sulphate solution half saturated 4 c c 
Saturated alcoholic solution of fuchsm 1 c c 
Pour mordant over film and heat without boiling 1 minute 
^^ash m wafer Stain with carbol fuchsm 
\\ashm water Dr\ Mount 

This method is described as the roost simple of the flagelb 
staining processes Tliere are so many cultural and other 
methods of differentiatmg the flagellated bacteria thit 
demonstration of flagella is rarely necessary 
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CULTURE MEDIA— STAINING REAGENTS 

Before giving the manner of preparing culture media a 
brief account follou'S of the changes set up by bacterial growth 
in the more commonij used media 

Brolh IS the moat uni\ersal of all media and in addition 
forms the basis of numerous others The majority of organisms 
growing in broth produce in it a general turbidity and after 
a time the deposit of a more or less felted mass of bacteria at 
the bottom of the tube Some organisms such as the cholera 
Vibrio and certain non pathogenic air bacilli form also a thm 
pelUcle on the surface of the medium The streptococci on 
the other hand leave the bulk of the medium as clear as it 
was before inoculation and form a stnngy granular deposit 
both floating free and attached to the sides of the tube 
These are the appearances obvious in an inoculated tube m 
addition certain organisms such as the colon bacillus have the 
property of producing indole from the peptone present m the 
medium To test for the production of indole in a broth 
culture add to the broth a few drops of yellow nitric acid 
shake the tube and allow to stand A rose pink colour slowly 
develops If the colour is faint add obout 1 cc of amyl 
alcohol Shake and stand the tube until the alcohol separates 
The pink colour is extracted by the alcohol Indole formation 
maj be slow md it is ad> isable to incubate the tube for a week 
before making the test The cholera vibno produces both 
indole and nitrites so that the indole test is obtamed on the 
addition of nitrite free sulphuric acid only a reaction which is 
known as the cholera red reaction 

On examuimg therefore an inoculated broth tube after 
'nKthn&Cfjii ’i/iik ’ii/iJasb fei i. •gwiWHk *5^ *ihA i» 

pelhcle on the surface a deposit at the bottom or a clear 
medium with a granular deposit down the side and then 
tests for indole formation 

Agar is the most commonly used solid medium just as broth 
is as a Uquid medium Agar itself is a carbohydrate derived 
from the stems of certain Chinese seaweeds and agar media 

mwtoiL riTBoiaar 41 IS 
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are prepared bj adding thi«» substance to broth The medium 
IS put up either m the form of “ slope,” “ stab,” or " plate ” 
cultures The slope culture tubes are made by pouring a small 
quantity of melted agar into a test tube, and allowing it to 
set In a slanting position The stab cultures are tubes filled 
or partly filled uitli the medium, and are inoculated bj passing 
an infected platinum xvire into the heart of the medium 
They ma\ he used for growing organisms under anaerobic 
or partiallj anaerobic conditions The plate cultures are made 
by pourmg the agar into flat, round, shallow dishes, covered 
wnth a loosely fitting hd, and known as Petri dishes 

The majority of organisms grow well on agar, and one is 
able to tell from the type of colony produced the class of 
organism present BaciHi of the coli ta-phoid group grow m a 
continuous whitish streak with laterally spreading edges up 
the surface of an agar slope, and m large, rounded, opaque 
colonies w ith thm crenated margms and heaped up centres on 
plate cultures Staphylococci produce large, round, opaque 
colonies with sharp edges, the colonies being white, lemon- 
coloured or jellow according to the annetj of staphj lococcus 
present Streptococci and pneumococci grow in tui> round 
translucent colonies barelj visible to the naked eje On 
examining an inoculated agar culture, therefore, ono looks at 
the tjpe of colonies present, whether thej are large or smill, 
white or coloured, translucent or opaque, whether the margins 
are rounded or crenated, and whether the colonies are discrete 
or grown together to form a continuous streak In the case of 
stab cultures one looks to see if the growth is more abundant 
at the surface where there is more oxjgeri, or m the depths of 
the medium where oxygen is scanty and anaerobic bacteria 
grow more readily 

Gelatin media consist of broth with sufficient gelatin added 
to produce a solid medium at room temperature Since 
gelatm media are liquefied at 37” C it is necessarv to incubate 
the tubes at or a little above room temperature, that is from 
1 8“^ to 22^ C Gelatm is put up in slope, stab and plate cultures 
m the same manner as agar The most important feature of 
gelatin as a medium is the fact that come organisms in their 
growth are able to hquefj it, while others do not The cob 
tj’phoid group of bacilli do not Uquef^ gelatin and can thus be 
ifferentiated from such baalli as proteus and pjoejaneus, 
which do Some organisms, such as the pneumococci, which 
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are capable of gro^vlng on the majontj of the usual media do 
not grow on gelatin In stab cultures a few bacteria for 
example anthrax bacilh send out characteristic lateral pro 
cesses radiating from the line of the stab A gelatin medium 
therefore should be incubated at a relatively low temperature 
and should be examined for the presence and nature of the 
growth and in particular for the presence or absence of hque 
faction 

Litmus milk consists of fresh sterilised milk coloured blue 
with litmus solution Litmus milk is a most valuable medium 
parti} because the majontj of organisms grow in it abundanti} 
and partly because of the various changes w hich they may set 
up in it and by which they maj be differentiated Organisms 
growing in milk may produce no change in it or may render it 
more alkaline or more commonlj maj either simply produce 
an acid reaction or both acidifj and clot it Other organisms 
may not only acidif} and clot the milk but may eventuallj 
decolorise the litmus and further maj peptoni«e the clot 
and render it liquid again Litmus milk therefore may 
be unchanged or maj be rendered more alkaline or may 
be acidified and remain liquid or ma} be both acidified and 
clotted 

Litmus carbohydrate peptone water A senes of media ma} 
be made with peptone water to which litmus is added and 1 per 
cent of a a arity of carbohydrates The purpose of these media 
is to test the capability of organisms to break up the carbo 
hjdrates present and to produce from them an acid or an acid 
and gas The production of acid is shown by the change of 
colour of the litmus medium from blue to red In order to 
observe the formation of gas it is conaement to fill a small 
tube known as Durham s tube with the medium and sink it 
upside down in the culture tube bo that the gas may collect 
m the small maerted tube Numerous carbohydrates are 
employed in making the media tliose in fairly common use 
are glucose lactose manmte salicin and raffinose In examin 
mg the media after inoculation lool for the same changes that 
are to be found in ordinary broth such as the presence of a 
general turbidity or of a clear medium w ith a granular deposit 
and in addition observe the colour of the litmus and the 
presence or absence of gas in the small inaerted tube The 
production of an acid reaction is not necessarily accompanied 
by the evolution of gas 


1«— 3 



244 CULTURE MEDIA— STAIh 12^ G REAGENTS 


^eutraI red broth consists of broth with a dje called neutral 
red added The medium is a useful one for distinguishing 
organisms and particularly bacilli of the coli typhoid group 
The colon bacillus alters the red colour of the broth to a distinct 
yellow and aNo produces in the medium a green fluorescence 
the typhoid bacillus produces no change other than the general 
turbidity of its growth 

MacConkey s bile salt medium This is a solid medium 
commonly u«ed m plate cultures for the purpose of isolating 
colonies of the coli ty phoid group from mixtures of oiganisms 
The medium has as its basis agar and m addition sodium 
taurocholate lactose and neutral red The presence of the 
bile salts inhibits the groirth of the great majority of organisms 
other than members of this group The neutral red gives a 
different colour reaction with those organisms which ferment 
the lactose to those which do not The medium is therefore 
extremely useful for the isolation of baciJh from such sources 
as the unne and fseces since the cocci md other non pxthogenic 
bacteria do not grow on it while the colon bacillus grows in 
bright red and the tyTihoid bacillus in ^eIlow colonies 

Special media WTiile the above media arc commonh used 
for organisms of ready growth a minority of pathogenic 
bacteria do not grow at all on them or grow \eiy poorh 
Jvumerous special media ha\e been de\ ised for such organisms 
and a few are in common H«e Blood containing media are 
essential for the growth of some bactena and may be obtained 
by mixing fresh blood with agar or broth ^ran\ delicate 
organisms such as pneumococci and meningococci grow more 
freely on such media and the% are essential for the growth of 
other bactena The gonococcus requires certain constituents 
of the plasma and the mfluenza bacillus needs the hajmo 
globm Blood agar media are also required for the investiga 
tion of the h'cmolytic properties of bactena Blood serum ma\ 
be used alone in fbe form of slope cultures after inspissating 
the senim by heat and js invaluable for the growth of the 
diphtheria bacillus which in cultures taken from the throat 
multiplies rapidU and outgrows the common cocci The tubercle 
bacillus is an example of another oiganism w Inch wnll not grow 
on the ordinary media but will grow in broth or on agar to 
which ghcenn has been added Another useful medium for 
the growth of the tubercle bacillus is made from eggs 
and IS perhaps the most commonly used mednim for this 



STERILISATION OF MEDIA 


245 


purpose , both solid and liquid media of this nature arc 
m use 


THE PREPARATION OF CULTURE MEDIA 

Sterilisation It is essential that all the media and the 
receptacles uhich contain them should be perfecti} free from 
all living organisms before thej are used for inoculation 

The following apparatus is required — 

A thermometer graduated to 200° C 
A hot air steriliser 
A steam steriliser 
An autoclave 
An inspissator 

The hot atr steriliser consists of a double iv ailed chamber 
of copper or iron heated belou by a gas flame or prefeiablj bv 
electricitj and fitted with a thermometer passing into the inner 
chamber It is used for the sterilisation of glass flasks test 
tubes Petri dishes etc which can thus be rendered both 
sterile and dry A temperature of 160° C for 1 hour is sufficient 
to destroj any organisms that may be present 

The steam steriliser consists of a round metal cjhnder on 
legs enclosed m felt or asbestos and provided u ith a perforated 
tray fixed about 8 inches from the bottom Water to the 
depth of 3 inches is placed in the bottom The space above 
the tray should be tall enough to accommodate a litre flask 
fitted uith a funnel An ordinary potato steamer can be 
adapted to the purpose Media placed m the steamer are 
surrounded with steam at 100° C The majority of media 
after being exposed to contamination are steamed for 20 
minutes on 3 consecutive days 

The autoclave is used for rapid and effective sterilisation 
by means of steam at high pressure It is not absolutely 
essential and requires careful supervision when m use The 
autoclave consists of a gun metal cylinder provided with a 
movable or hmged lid attached by screws and nuts and 
with a pressure gauge and safety valve It contains a perforated 
basket, fitted w ith legs and a handle Water is poured in up 
to the level of the bottom of the basket and the media or other 
objects for stenhsation are put m The lid is then lowered and 
screwed firmly down The vent is opened and the gas lit 
Steam is allowed to pass out of the vent pipe for about 15 
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minutes and the \ent is not screwed down until all air la out 
of the autochie that until the steam pac«ied through cold 
water is free from air bubbles The water is usualh boiled at 
a temperature of 120*' C which requires a pressure of 15 lbs 
to the square inch and 15 minutes at this temperature is 
usiiallj sufficient The autoclave must be allowed to cool to 
100° C before opening it or blowmg off steam All the above 
sterilisers should be allowed to cool dmni considerably before 
opening otherwise the glass receptacles are liable to cracJv 
Thej must be thoroughly cleansed periodical!) 

The iTispissator is required mainl) for the preparation of 
blood serum media It consists of a shallow sloped chamber 
provided with a water jacket and a thermometer Tlie serum 
tubes are kept at 60° to 65“ C J hour each daj for 2 dajs and 
at 7o° to 80“ C for 1 hour on the third da) to sohffif) the 
medium The top of the apparatus is of glass corerwl with 
thicl felt which can be lifted for inspection of the tiil>es in 
the interior of the chamber 

All the receptacles such as flasks and test tubes used m the 
preparation of media should be perfectl) clean and free from 
acid or alkali The) should be sterilised preferabl) before 
being filled and always after exposure to contamination 
Thev should be first washed through with commercial }i)dro 
chlonc acid then washed tboroughl) m tap water then rinsed 
ui distilled w ater and dried in the hot air steriliser * Flasks and 
tubes are then plugged with non absorbent cottonwool and 
packed m wire crates for stenlisation The plugs should fill 
the mouths of the tubes and should project be)ond them but 
should not be too tight nor too bulk) Ordinar) cleanlmess 
should be observed m all operations connected with media 
making m order to av oid the needless introduction of spore 
bearing organisms The methods of making the following 
media are given in bnef and the smaller details are left to the 
management of the individual worker 

JArmi*<riaisvrA\nT 5jivf i’eavnkvav ^ <Yw.ailui .'s .vvw ^.Ivwasf 
umversall) adjusted on the basis of the hvdrogen ion coneen 
tration or pH The metliwl of standardisation la as follow s — 

Materials required micro burette 5 c c pipette cordite 
tubes {namely tubes of neutral glass and standard bore) 

• Tubesandflaskflarepn-f^rablvmadoofan^utraJglas? sue! as 

The cheaper glass e%en after thoroagl treatment w II still gite an alUl ne 
reaction to phenol red 
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and Y caustic soda 


N JT 

— and Y hydrochloric acid, distilled 


water, and, as indicator, 0 04 per cent phenol red in distilled 
wafer Also a special stand for 4 tubes and a set of standard 
tubes ranging from pH 7 to 8 The standard tubes can be 
purchased The stand is a square one, boxed m at the sides, 
with holes at the top for the tubes and observation slots, about 
J inch wide, front and back 

After broth medium has been rendered alkaline to thymol- 
phthalem, boiled for 3 minutes and filtered to remove the 
phosphates, the reaction is adjusted by addmg normal hydro- 
chloric acid to brmg it to pH 7 8 To effect this refer to the 
diagram on p 323 and the list of standard solutions on p 257 
Tlie tubes are here referred to as C and D, left to right of back 
row , and A and B of front row Proceed as follows — ^In tube 


C put distilled water in tube D 5 c c of medium , m tube A 
5 0 c of medium and 0 25 e c of indicator (phenol red) In 
tube compartment B put standard tube of required pH Run 
N 

into A from a burette acid imtil a match is made, on holdmg 


the stand up to the light, with the standard m B Head 

N 

the exact amount of ,-j: acid used for the 6 c c of the medium 


and add the requisite amount of normal acid to brmg the 
litre to the correct pH 

To standardise a solid medium, such as agar, dilute the 
melted agar 1 in 3 with boiled distilled water add the mdicator 
while hot, cool, and then take the reading 

Stock nutrient broth This medium is widely used and 
forms the basis of many other media 

Procedure Mmce 1 lb lean fresh steak, freed of fat Add 
1 htre of distilled water and stand m ice chest overnight 
Boil for 15 mmutes and filter through gauze or glass wool 
Add 1 per cent peptone and 0 6 per cent sodium chloride 
and, when dissolved, make alkalme to thymolphthalem (see 
under standardisation) Brmg to boil and filter through 
Chardm paper to remove phosphates Cool and standardise 
to pH 7 8 Tube, or place m 500 e c flasks for stock Steam 
for 20 minutes on 3 successive days, or autoclave for 15 
mmutes at 15 lbs Sterilisation by steam is preferable to 
autoclaaing 

Broth of double strength, made by adding 600 c c of water 
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instead of I htre to the *tbo\e ingredient*: is adM^ed for the 
preparation of agar media 

Glycerine broth is made bj the addition of 6 per cent of 
glj cenne to the stock nutnent broth 

Glucose broth is made bj the addition of 2 per cent of 
glucose to the stock nutnent broth It must be stenlised bj 
steam 

Neutral-rcd broth is made by adding 2 c c of a 2 per cent 
aqueous solution of neutral red to 100 c c of nutrient broth 
Litmus carbohydrate peptone water is made bj adding 
1 gram of the carbohydrate to 90 c c of peptone water * of 
pH 7 8 and 10 c c of htmus solution The carbohydrates 
most commonly required are dextrose hctoae mannite 
raf&nose and *:abcm Others which may be employed are 
arabinose saecharo'se luulm conifenn, sorbit etc 
The htmus solution required to give the necessary colour 
may be bought ready made or prepared es follows — 

Materials required — 

Litmus powder 20 grams 

00 per cent alcohol 200 c c 

Distilled water 200 , 

To make — 

Boil the litmus with $0 c c of the alcohol for 1 hour on a 
water bath using a reflux condenser 
Pour off the clear liqxud 
Repeat with 00 c c of the alcohol 
Repeat with the remainder of the alcohoL 
Digest the washed htmus in the distilled water 
Filter 

When tubing the carbohydrate media it is convement to 
place m each test tube a small inverted tube filled with the 
medium m order to collect the gas which may be evolved as 
the result of bacterial growth 

Agar»agar Agar mecbtwi consists of a solution of agar 
agar m stock nutnent broth It is made as follows — 

Add 25 grams of agar powder to 500 c c of distilled water 
and dissolve in steamer or autoclave Add 500 c c double 
strength broth of pH 7 8 Cool to 50" C and add beaten whites 
of 2 eggs Steam for 30 minutes and filter clear through 
Chardm paper Adjust pH if needed and pour m tubes or 
flasks Steam or autoclave 

• One percent sugar free peptone haKpereent sod um chloride in water 



CULTURE MEDIA 


249 


The tubes should be prepared in tuo forms — for “stab ” 
cultures, in ivhich case the tubes are filled to about two- 
thirds their capacity and allowed to cool in the vertical position, 
and for “slope ” cultures, in which case they are filled about 
one sixth full and allow ed to cool in a slanting position 

MacConkey’s neutral-red agar. This medium is made as 
follows — 

Dissolve *' Lab Lemco ” 10 grams 

Peptone 10 ,, 

Sodium chloride 5 ,, 

m 1,000 cc of water Add 25 grams of agar powder Dis- 
solve in steamer Cool and clear as for agar Standardise to 
pH 7 8 Add lactose 1 per cent , sodium taurocholate 0 5 per 
cent and 2 per cent of a 1 per cent aqueous solution of 
neutral red Tube for stab ’ cultures and steam 

Serum agar Melt 80 c c sterile agar of pH 7 6 and cool to 
60® C Add 14 c o horse serum warmed to 60® C Tube and 
slope Incubate to test sterility The addition of 1 per cent 
defibrmated blood is an advantage 

Gelatin Gelatin media consist of broth with sufficient 
gelatin dissolved m it to produce a solid medium at tempera- 
tures from 18® to 22® C The necessary proportion of gelatin 
to broth IS 25 per cent of the former during the summer 
and 20 per cent during the waiter It is important to obtain 
the best gelatm, othem jse s soft medium will result Ooignet's 
gold label gelatin is very satisfactory 
To make — 

Add the gelatin to warm nutrient broth 
Dissolve while w arm 
Standardise at pH 7 8 

Add beaten white of egg, to clear, as with agar 
Pilter 

Tube as required (Put up both slope and stab media ) 
Steam Do not autoclave 

Litmus milk The milk must be quite fresh, and preferably 
the greater part of the cream should have been removed 
Steam for 30 mmutes 
Filter 

Add 10 to 15 per cent of the stock htmus solution 
Tube 

Steam the tubes for 20 minutes on 3 consecutive days 
Potato medium This medium is much less commonly 
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uced than formerly Special test tnlies are required, uhicli 
resemble Buchner s anaerobic tubes in mmuitiirc A few drops 
of ghcenne are placed m the bottom>> of the tubes and sticks 
of potato well w ashed are cut and passed into the tube«, w Inch 
are plugged w ith wool and steamed for I hour on 3 consecutive 
days Unless the tubes are used at once, it is prefenhh to 
cover the w ool plugs v ith rubber caps 

Dorset’s egg medium This medium is used for the growth 
of the tubercle bacillus, and la prepared as follow s — 

Four eggs are well beaten up 25cc of water are added, and 
the whole IS thorough^ mived Add 6 per cent glycerine 
The mixture is passed through musim and tubed Sterilise as 
for serum tubes 

Besredka’s liquid egg medium Carefully remove the jolks 
of four eggs and beat them up with 200 c c of freshly distilled 
water Run m slowly 35 c c of 1 per cent NaOH, stirruig 
all the time Make up the clear egg solution to 1,400 c c, 
with distilled water Filter tlirough gauze Autoclave at 
15 lbs for 20 mmutes 

Blood serum media Blood, preferabl) that of a horse, is 
obtained at the slaughter house, and is taken from the w ound, 
after a little blood has been allowed to flow, direct into a 
large sterile glass c} Imder The c} Iinder is placed m the cold 
until the serum has full> separated, that is, as a rule, until 
the next da^ The clear serum is then remo\ed with a sterile 
pipette placed m 100 cc well stoppered glass bottles, and 
chloroform is added to 0 25 per cent The stoppers are tied 
down and the bottles incubated for 3 days and shaken 
oceasionallj The sterility of the serum is tested and it is 
stored in the cold 

For LOffler’s blood serum 1 part of nutrient broth of pH 7 S 
IS mixed ivith 3 parts of the serum and 1 per cent of 
glucose The tubes are then mspi^sated in the sloped position 
(P 246) 

For Douglas’ serum and jwtassmm tellurite agir medium 
for diphtheria bacilli, trypsmised horse «erum is u«ed, and 
5 to 8 c c of Allen and Hanbur^’s liquor trj-psm co are added 
to 100 c c of the serum chloroform mixture After incubation 
of the serum as above, 100 c c of neutral agar are melted and 
mixed with 1 e c of 1 per cent pota'^siura tellurite, cooled to 
50° C , and 15 c c of the serum arc added The mixture is 
poured mto tubes and sloped, or into Petri dishes 
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Instead of hor<*e blood that of the sheep or o\ can be ii^ed 
or human blood obtained at venesection 

Hydrocele fluid or ascitic fluid cm be made use of in the 
same manner 

Blood agar To neutral agar melted and cooled to 50'’ C 
add 4 per cent of dcfibrmated human or rabbit blood 

Ox bile medium This medium ma.> be used for the growth 
of the tj'pho*'! bacillus 

The gall bladder of an ox is tied off and remov ed at the 
slaughter house 100 c c of bile ate mixed with 10 grams of 
peptone and 2 grams of sodium chloride 

The mixture is autoclaved for lo minutes at 120'’ C filtered 
and tubed 

Gonococcus medium Alince bullock s heart, free from fat 
and fibro is tissue and add tap water in the proportion of 2 c c 
to 1 gram of the mmced heart Stand 48 hours m ice chest 
Filter and squeeze through gauze Add 1 per cent peptone 
and 0 5 per cent acid sodium phosphate Steam for 45 
minutes stirring at the end of 30 minute^ Allow to cool and 
filter through Chardin filter paper Standardise to pH 7 5 
Add 2 5 per cent agar powder autoclav e 30 minutes at 16 lbs 
pressure cool to 50'’ C and clear with egg white Steam 1 hour 
and filter Adjust pH Tube and steam for ^ hour Next daj 
steam i hour cool to 50” C and add stenle hjdrocele fluid 
1 c c to 5 c c of medium Slope and incubate for 48 hours to 
test stenlitj The hjdrocele fluid can be kept in sterile flasks 
contaming 0 o per cent chloroform 

Influenza bacillus medium Take 150 cc saline 6cc pure 
HCl 60 c c defibrmated sheep s blood 1 gram pepsin (B P 
granulated) shake and dissolve Place m water bath at 55” C 
for 18 hours shaking at first Add 12 c c of 20 per cent NaOH 
and test reaction with cresol red (0 O*’ per cent ) adding NaOH 
until colour is that of permanganate (pH 7 6) Add HCl 
drop bj drop until cresol red gives no change of colour and 
pfienof red gn es red t-ofour (pfT 7 0-7 2) Fface m sterde 
stoppered bottle for stock and add 0 5 per cent chloroform 
To make up mix 5 per cent of stock with neutral agar 
Tube and incubate to test stenhty 

Sabourand s Glucose Medium Tap water 1000 cc 
Glucose ( Brute de Channt ) 40 grams Peptone (granulee 
de Chassamg) 10 grams Agar 18 grams Soak agar in water 
for 1 hour Add glucose and peptone Autoclav e slowly up to 
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120° C Tube Autocla\e up to 120° C sWh For the 
malto«e medium the same amount of maltose is substituted 
for the gluco'^e 

boguchi s Leptospira Medium 0 0 per cent sodium 
chloride 800 parts Rabbit serum (inactivated) 100 parts 
Hsemoglobm solution 0 1 to 0 2 parts 2 per cent nutrient 
agar (pH 7 2) 100 parts After meltmg the agar cool to about 
4o° C arm the saline serum and h»mogIobm mixture to 
the same temperature and add quickly to the agar Muc 
thoroughli The haemoglobin elution IS made mixing I part 
of defibnnated rabbit s blood with 3 parts of distilled water 

The sterilisation of inoculated meia It is necessan to 
destroj the organisms which ha\e grown in the discarded 
culture media and to render the test tubes and plates fit for 
further u«e Tubes and Petn dishes are placed mthout 
removmg the n ool plug^ or separating the dishes in an enamel 
pad or ‘saucepan and co\ered mth water Lotio Saponis is 
added and the pad is autoclaved for 30 mmutes at 20 lbs 
pressure The test tubes are then thoroughly washed m itb tap 
water with the help of a test tube brush and rm^ed in com 
mereial hydrochloric acid They are then washed tboroughh 
agam in tap water dramed rm«ed m distilled nater dried 
plugged and sterilised The dishes are scraped dean noshed 
thoroughlv in oeveral changes of tap Mater and sterilised 

To clean used microscopic slides Soak the dtdes in cold 
water to remove the ly ‘lo! Boil or soak in a solution of lo per 
cent potas«inm bichromate m 10 per cent sulphuric acid 
Thoroughl% Mush in tap Mater and dr\ Mith a dean doth 

THE PREPARATION OF STAINING REAGENTS 

The number of staimng reagents required for the ordinary 
routme methods of cimical pathology is very small Only the 
formulie of the essential stains are gi\ en here and it is remark 
able how rarely one requires ani stam Mhich is not to be 
foimd in the scanty aiTa\ of drop bottles disposable on one 
small shelf 

The stains gi\en here include those required for ordinary 
histological purposes as well as for bacteriological Mork The 
special°bIood stains are de«cnbed ui the section on the blood 
and a few other special stains are given m their oppropnate 
places m the text 
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CarboNthionin This is the most useful general stain in 
routine bacteriological work It has the following formula — 
Saturated solution of thionm m 50 per 

cent alcohol 10 c c 

Carbolic acid (crystal), 5 per cent dis 

solved m distilled water 90 c c 

The saturated alcoholic solution of thionm contains about 
2 per cent of tJnonin Both this and the carbol thionm are apt 
to precipitate if put into new bottles 

Methylene-blue A saturated watery solution has the 
following composition — 

Methylene blue about 20 grams 

Distilled water 400 c c 

The stain is added to the distilled water m a bottle with a 
well fitted stopper and the bottle is kept m the warm (or m 
the incubator at ZV C ) for 8e\eral days If all the stain is 
dissohed more is added until the mi\tiu^ is saturated 

A saturated alcoholic solution is made m the same way by 
adding about 7 grama of methylene blue to 100 o c of absolute 
alcohol 

The saturated uatery and alcoholic solutions are kept as 
stock, and a I per cent dilution of the watery solution is 
used for ordinary stammg purposes The alcoholic solution is 
required for the next stam 

Lofiler's methylene-blue Formula — 

Saturated solution of methylene blue m 


alcohol 30 c c 

Caustic potash 1 per cent 1 „ 

Distilled water 100 „ 

Carbol-fuchsm Formula — 

Basic fuclism 1 grain 

Absolute alcohol 10 c c 

Carbolic acid 1 m 20 100 ,, 


The stain is shaken with the alcohol and the carbolic added 
to it This solution is kept as stock and is filtered into drop 
bottles as required 

Gentian-vioIet (alcoholic) Formula — 

Gentian-violet . about 5 grams 

Absolute alcohol 300 c c 

The mixture is kept in the warm or in the incubator for 1 
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eek, and if not saturated at the end of this time more gentian 
\iolet IS added 

This sohition is kept is stock and filtered before use 
Methyl-violet (6 B uatery) Bi^^olve 0 5 grams in a little 
absolute alcohol and make up to 100 c c uith distilled water 
Keep as stock Filter before use 
Gram’s iodine Formula — 

Iodine 1 gram 

Potas<!ium iodide 2 grams 

Distilled water 300 c c 


\ clear solution results which does not reqmre filtering 
The triple strength of Gram’s lodme made by du«oIrmg the 
aboi e amounts of iodine and pota<!sniin iodide in 100 c c of 
water is advised for Gram s stainmg method (p 216) 


Giemsa’s stain Formula — 

\zur 11 eosm 3 parts 

Azur II 0 8, 

Glj cerme (pure) 2a0 ,, 

Methj i alcohol (acetone free) 250 


Grmd up the stain with the meth\l alcohol adding the 
alcohol in three or four «eparate fractions Tlien add the 
gh cerme 

Saframn This is a u«eful counter stain to Grams method 
for oiganisms in section^ 

Formula — 

Safranm 0 5 gram 

Distilled water JOO c c 

The stam is filtered on the section where used 
Castaneda’s stain (Rivers modification) Formula — 
Pho«:phate buffer AI/I5 pH 7 0 5)5 c c 

Formalm o >» 

methylene blue 10 „ 

Hzemalum This is a good nuclear stam for tissues and is 
also convenient for the staining of leucocj te drops b\ Strong s 
method 

Formula — 

(1) Pure h-ematem 2 5 grams 

Alcohol 95 per cent 95 c c 
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Dissolve 

(2) Ammonium alum 126 grams 

Distilled water 2 000 c c 

Dissolve 
Add (1) to (2) 

Add to the mixture 

Glacial acetic acid 325 c c 

Shake veil and allow to ripen on a shelf m the light if 
possible for from 1 to 3 months 
Filter before use 
Ehrlich’s acid biematoxylsn 
Solution I 
Hasmatoxylm 
Absolute alcohol 
Solution II 

Alake a saturated solution of potassium alum in equal parts 
of glycerine and distilled water Take 60 c c of this and add 
3 0 c of glacial acetic acid 
Mix I and II and leave in the sunlight for 6 veeks 


Weigert’s iron hsmatoxylm 
Solution I 

Hsematoxjhn 1 gram 

06 per cent alcohol 100 c o 

Allow to ripen in sunlight for a few days 
Solution II 

Liquor fern perchlor (BP) 2 c c 

Hydrochlonc acid 1 

Distilled vater 95 


Mix the tvo solutions in equal parts before use and use 
within half an hour 

Eosin This is an excell«it tissue stain for sections 
Alcohohc solution A saturated solution is made in methy 
lated spirit About 2 grams are required for 100 c c of spirit 
Five per cent of this solution in distilled vater or spirit is 
u«ed for staining purposes 

Watery solution Distilled water 500 c c 
Eosin 7 grams 

Van Cieson’s stain This stam is a very widely used 


2 grams 
60 c c 
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diflerential stain for histological purposes It has the foUowme 
composition — * 

Saturated water) solution of pjcnc acid, 
filtered lOOcc 

Watery solution of acid fiichsm 1 per cent 10 „ 
Scharlach R Thia stain is the most satisfactorj for the 
demonstration of fat in ti<^ue8 or in film preparations Fat 
globules are stamed red by it, and all other tissues are left 
unstamed It is prepared as follows — 

Make a saturated solution of Sharlach R m a mcrture of 
50 c c of 70 per cent alcohol in distilled water and 50 c c of 
acetone 

Weigert’s elastic stain This is the best stam for elastic 
fibres ih tissue Dissolve 2 grams of basic fuchsin in 200 c c 
ofa 2 percent solution of resorcm in distilled water Boil this 
soIutidS^n a porcelam dish When boiling add slowly 12 5 c c 
of liquor fern perchlor fort B P (or, better, 25 c c of liquor 
4em sesquichlor German Phannacopseia) and boil for 5 nunutes 
stirring with a gla«s rod A precipitate is formed Allow to 
cool Filter Throw filtrate away Allow deposit on filter 
paper to drj Put filter paper and deposit m the previousl) 
used porcelain dish, add 200 c c of 94 per cent alcohol and 
bring to the boil stimng all the time and fishing out bits of 
filter paper when they are free from stim This fakes 3 or 4 
mmutes Cool Filter Make up filtrate to 200 cc with 
94 per cent alcohol Add4cc h^drochloneacid Tins stam 
lasts about 3 weeks After that it tends to stam the tissue 
diffuse!) and not onli the elastic fibres, m spite of differentia 
tion 

Hart’s elastic mixture lasts longer (about 3 months) Take 
15 c c (perhaps better, 30 c c ) of Weigert’s elastic stain that is 
not more than 3 to 6 months old and make it up to 100 c c 
with I per cent acid alcohol (I cc of hydrochloric acid m 
100 c c of 70 per cent alcohol) 

Aniline gentian violet This is used for Weigert’s modifies 
tion of Gram’s method for sections 

Amlme oil 10 c c 

Distilled w ater 100 „ 

Shake up for 10 mmutes A miU^ emulsion is formed Filter 
through a filter paper that haa been well moistened with 
distilled water 
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To 90 c c of the clear filtrate, which has been allowed to 
stand for 5 minutes, add Hoc of a concentrated alcoholic 
solution of gentian (or crystal or methyl) violet This solution 
deteriorates after about 3 weeks 
Mucicarmine for stainmg mucus m sections 1 6 grams of 
mucicarmine in 100 c c of 50 per cent alcohol 
Saturated solutions In the following solutions the solvent 
IS added to the stain and shaken occasionally for 1 hour until 
the stain is dissolved The proportions of stam to solvent are 
as follow s — 


Fuchsin m alcohol 
Gentian violet n alcohol 
Gentian \iolet m water 
Methjl blue in water 
Methjl blue in alcohol 
Safframn in water 


3 per cent. 


1 

4 

6 

7 

4 


8 

7 , 


Standard Solutions 


Required ^ acid potassium phosphate dissolve 27 2E 

grams of pure dry acid potassium phosphate m distilled water 
and make up to 1 litre Keep in a hard glass bottle 
N 

NaOH kept in a well stoppered paraffined bottle 

Procedure Measure 25 cc of the acid phosphate solution 
N 

into a 100 c c flask add — sodium hydrate according to the 
following table dilute to 100 c c and rmx 


pH 

NaOH added 

pH 

NaOH added 

70 

29 63 

76 

42 80 

7 1 

32 50 

77 

44 20 

7 2 

35 00 

78 

45 20 

73 

37 40 

79 

46 00 

74 

39 50 1 

80 

46 80 

7 5 

41 20 1 




The solutions thus made are stored in Pyrex bottles with 
well fitting stoppers in the ice chest and will keep for several 
w eeks 
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SECTION III.— PUNCTURE FLUIDS 


CHAPTER XII 

GENERAL PROCEDURE— PLEURAL FLUIDS— 
PERICARDIAL FLUIDS 

B\ puncture ftmds are meant such body fluids, •whether 
exxidates transudates, or the contents ofcjsts.as are co7nmonl3 
removed for e-rarmnation bj means of a needle and s^Tmge 
The fluids most frequently taken for mvestigation are those 
derived from the pleural and peritoneal cavities and from the 
cerebro spinal canal 

It IS onij po'isible to consider here those methods of jn\ esti 
gation which ha\ e a direct clinical bearing 

GENERAL PROCEDURE 

The methods of examination of fluids from different sources 
nil] be described for each fluid but the following proeedure^ 
should be adopted m all ca«es 
(1) Inspection The naked e^e appearince is often of grest 
importance and a wntten record ahould always be nnde It 
should be noted whether the^ arc clear, turbid or flocculent , 
if thej contain blood and, if so, iibether the blood is in great 
or small amount and intimately mixed or not , if a clot forms 
on stindmg and the appearance of the clot 
In the case of purulent exudates, the eximmation is con 
ducted in a precisely similar manner to that employed for the 
111 ! estigation of pus from any other part of the body 
I'J/ CltcnTccsf exaflttirsWfW It ts rare}} 
an\ detailed chemical exammation A rough estimate of the 
protein content js advisable and gives an indication of the 
intensity of the mflammatory process 

(3) Cytology Bi ey to-diagnosis is meant an imeMigation 
of the number and nature of the cells present m a fliiul Such 
invebtjgation must never be omitted, and should be nnde as 
soon as possible after the fluid has been withdrawn 
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The cells •which may be present m these fluids are mostly 
of three varieties, namely, lymphocytes, polymorphonuclear 
neutrophils, and endothelial cells A relative predommance of 
one of these cells, uhen present m excess, yields the most 
definite information of the underlying pathological process 

Lymphocytes in excess are diagnostic of the chronic infective 
granulomata, of which syphilis and tuberculosis are by far the 
most important examples The clinical distinction between 
syphilis and tuberculosis in the case of the central nervous 
8} stem IS in the great majority of cases clear , syphilis of the 
pleural and peritoneal sacs is an extremely rare pathological 
condition , consequently the demonstration of an excess of 
small lymphocytes in any of these fluids commonly suffices to 
substantiate a diagnosis 

These lymphocytes, or, as they are called by some, lymphoid 
cells, cannot be distmguished on histological grounds from the 
small Ijmphocyte of the blood, the cell which is relatively 
increased m the circulating blood m tuberculosis and syphilis 
The cell is also probably identical with the lymphoid cells 
found in the tissues m large numbers m the neighbourhood of 
tuberculous, and to a less obvious extent of syphilitic, lesions 
The part played by the lymphoid cells is obscure, but it is this 
type of cell which is actively attracted into the blood, and from 
the blood into the exudates and tissues, by the toxins of the 
tubercle bacillus and the S pallida 

Polymorphonuclear neutrophils The presence of these cells 
IS definite evidence of an acute mflammatory process Acute 
inflammation of the serous sacs or of the cerebro spmal canal 
may be induced by bacteria or by an aseptic irritant actmg as a 
foreign body In human pathology the exciting cause is m 
the vast raajonty of cases a pyogenic organism The demon- 
stration of polymorphonuclear neutrophils therefore calls for a 
further examination by microscopical and cultural methods m 
order to identify the causative organism The distinction 
between clear turbid and obviously purulent fluids all contain- 
ing the polymorphonuclear neutrophil as the predominant cell 
IS only one of degree The process has in each case the same 
pathological basis For example, a clear or faintly turbid 
fluid withdrawn from the chest after an attack of lobar 
pneumonia may be shown on examination to contam both poly- 
morphonuelears and pneumococci, and thus to be of the same 
nature as the thick pus of an ordinary empyema ^Vhen blood 

17 — « 
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js present the demonstration of an occasional polymorpho- 
nuclear neutrophil i<? of no significance, and one has to judge in 
such cases n hether the leucocj tes of the deposit are m e'ccc«s of 
n hat IS natural to the number of red cells, remembering that in 
normal blood the proportion of white cells to red is only about 
1 to 1,000 

Endothelial cells (Plate IX ) These cells are derived from 
the lining membranes of the serous ca% ities, and their pre'ience 
IS e\ idence of a passive transudate Thej are rarelj foimd 
except m \erj small numbers, m cerebro spmal fluid They 
maj be \erj numerous in pleural or peritoneal fluids The 
cells are of much the same character m all situations in the 
bodj and consist of large, more or Jess rounded cells, the 
cjdoplasm of which is basophilic and often vacuolated The 
edges of the cells are frequently' frajed and irregular The 
nucleus contains as a rule two or three well marked nucleoli 
The endothehal cells are phagocy'tic and may contain red cell** 
and m the case of raised cellular deposits, lympbocj'tes, 
polymorphonuclear cells, or bacteria They often occur in 
plaques of considerable size In a good prcpantion these cells 
are quite unmistakable, but if the film has been made too thick 
the cells may be so shrunken as to be almost mdistmguishable 
from small ly niphocytes In such cares the nature of the cells 
IS commonly reiciled by examining the edge of the film where 
the fluid IS thinner and the cells ha’ve dried more qxuckly and 
hai e conrequently «lirunk less 

An excess of endothelial cells is to be found in a ninety of 
conditions including renal disease, general cardiac failure and 
any local obstruction to the circulation, as m malignant disease 
or cirrhosis of the liver 

Other cells Almost any variety of cell may on rare occasions 
be found m these fluids The eosinophil cell js exceptionalI\ 
predominant It may be found m parasitic effusions, as in the 
content of a hy datid cy st or after the rupture of a cy st into the 
pleural or pentoneal caaitips It may form a considerable 
percentage of the cell** present m the clear exudates which 
occa'sionally follow lobar pneumonia and is then of good 
prognostic significance smee such cases apparently do not 
proceed to suppuration 

The large hyaline is never the predominant cell but is not 
mfrequentlv foimd m small numbers particularly m association 
with poIyTUorphoiiuclear neutrophils 
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Malignant cells, whether sarcomatous or carcinomatous, are 
frequently descnbed and practically never identified The 
cells which are sometimes figured as sarcoma cells are either 
small lymphocytes or quite mdistingiushable from them The 
cells often descnbed as carcinoma cells are m e\ erj w ay similar 
to endothehals It is true that fragments of grow^th may be 
washed off into a serous fluid and may \ ery rarely be identified 
microscopically, but m the great majority of malignant cases 
the predommant cell m an exudate is not to be distmguished 
from either an endothelial cell, or much less commonly, a small 
lymphocyte A carcinoma or sarcoma cell floating free has no 
distmguishmg marks by which it can be identified 

(4) Bacteriology The method of bacteriological investiga- 
tion vanes with the tjqje of cell present m the exudate 
and consequently a portion of the fluid should be examined 
oj^ologically before an attempt is made to disco\ er the presence 
of a causative organism 

If the predommant cell is an endothelial no bacteriological 
investigation is necessary, since the presence of bactona in 
such fluids must be due to a contamination either from the 
patient’s skm or from the needle and syringe 

^Vhen the predominant cell is a polymorphonuclear neutro 
phtl the bacteriological investigation must be conducted on 
exactly the same lines as that for acute inflammatory exudates 
in any part of the body The causative organisms themselves 
may often be seen in the film preparations made primarily for 
the identification of the cells and cultures are then made upon 
the appropriate media If no organisms are seen a growth may 
still he obtained in the cultures which should be made on media 
suitable to the oiganism suspected from the nature of the case 
In a small proportion of acute mflamn^tory exudates organisms 
may be seen in the films but owing probably to the previous 
exposure of the bacteria m the body to bacteriolytic substances 
the attempt to grow them in culture media fads In such 
cases a fairly accurate bactenological diagnosis can usually be 
made from the nature of the case and the morphological 
appearance of the orgamsms The pneumococcus in pleural 
or other exudates and the menmgococcus m cerebro spmal 
flmds not mfrequently stain xery family, and sometimes fail 
to grow upon the ordmary media 

In another small percentage of cases polymorphonuclear 
neutrophils are the predominant cell, but no organisms are 
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seen m the film preparations and none gro\m m culture Some 
of these fluids are in reality produced b\ pjogenic organisms 
which have escaped recognition Others are not the product of 
organisms but of some mechanical irritation, such as an injurj 
or the presence of ne^ growth, or an effusion of blood acting as 
a foreign bodj Others, again, ina> turn out to be tuberculous 
effusions m which the predominant lymphoid cell his 
degenerated or disappeared and the polymorphonuclear 
neutrophil, which is acting as a phagocyte of the cellular debris 
comes to predommate Primai^' tuberculous effi^ions mai, 
further become secondarily mfected bj pvogemc organisms, 
and in such cases the underljmg pathological process maj be 
entirely missed, unless a knowledge of the cluucal condition 
of the patient suggests that the tubercle bacillus al'O should 
be specially sought for 

When the sma.ll Ipnphocyte is the predommant cell there is 
no object in putting up the ordinarv culture media and 
searching for the presence of pjogenic orgamsms Anj 
bacteria which may be seen in the onbnarj film preparations 
or grown on the stock media are evidence of failure m the 
aseptic technique TMien an excess of email Ij’Diphom’tes 
with a relative predominance of 80 per cent or more o^ er the 
other cells is found, a diagnosis of either a sjplulitio or a 
tuberculous infection can be made with a considerable degree 
of confidence Such a diagnosis>, however, is an indirect one 
and thus bable to a small but definite percentage of errors , 
consequentij further mvestigation is preferable whene\er 
practicable In sjphihtic cases a Wa'^ermann reaction diould 
be performed with the patient's serum, or with the fluid, or 
with both In the case of tuberculous effusions an attempt 
should be made to identifj the bacillus, but vuifortimatcly in 
the majoritj of the«e fluids the bacilli are extremelj scant! 
and require special methods to displaj them, sucli as will be 
described subsequentlj 

A sma’A percentage xA 'lymfUwwgiYt: xSti&'fura -hrb 
tuberculous nor syphibtic Verj wcasionallj miliarj grow tbs 
of carcinoma or sarcoma on the pleural membranes or le<s 
commonl! on the peritoneum, may act as cluomc irritants and 
produce an exudate rich in lymphoid cells Such exudates are 
liable to be nustaken, both on clinical and pathological grounds, 
for tuberculous exudates Similar exudates maj accompinj 
an aneurj^m of the thoracic or abdominal aorta, or an enlarge 
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ment of the mediastinil glands by new growth or Hodgkjn 
di«:ease All these rare pathological states are with the 
exception of Hodgkin s disease more commonly associated with 
an excess of endothelial cells and the percentage of error in 
Ivmphocadic effusions is very small 

Methods The methods to be adopted in the examination 
of the various flmds do not mafenall^ differ but it is eon 
a enient for the sake of clearness to describe the procedure for 
each fluid 

PLEURAL FLUIDS 

All puncture flmds must be obtained with strict aseptic 
precautions The patient s skin should be painted with 
iodine solution and the needle and syringe must haae been 
boiled The needle should be a fairly long and stout one 
and the ajTinge should be capable of holding at least 10 c c 
The place cho«en for puncture necessarily vanes with the 
physical signs present but m the majority ofcases the puncture 
IS best made midway between the posterior axillary and 
scapular lines in the ninth or tenth space If much fluid is 
present the syTinge when full is detached from the needle and 
emptied into a sterile test tube and the process repeated for a 
second tube The fluid w ithdrawm may be oh\ lously purulent 
or more or less clear 

Purulent pleural exudates are examined as follows — 

(1) Observe whether they areoffcnsiveornon-offensue The 
majority of the«ie effusions have little odour a minonty stink 
most exiUy Stinking pus from the chest is of diagnostic 
significance since it indicates pretty certainly that one is not 
dealing with a simple empyema that is with an abscess con 
fined to the pleura The smell is produced m the great majority 
of cases by a long thin saprophytic bacillus whose normal 
habitat is the respuatory or alimentary tract In a small 
percentage of cases the smell may be due to or augmented b\ 
the presence of cohform bacilli or anaerobic gas forming 
streptococci The significance of these organisms is that a com 
munication has taken place between the pleural caxity and 
the lung or between the pleura and an abdominal viscus The 
presence of stmkmg fluid therefore combined with the 
information acquired by further examination suggests one 
of the foUowmg alternatives A primary abscess of the pleura 
(or emp\ema) has ruptured mto the lung a primary abscess 
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of the lung has ruptxired into the pleura , an abdominal 
abscess has ruptured through the diaphragm into the pleura , 
a bronchiectatic, and not a pleural abscess has been punctured 
The prognosis for an) of th^ alternatires is evidentl) less 
favourable than for an uncomplicated empjema 

(2) Make film preparations Siam with carbol thiomn and 
b) Gram’s method The cells present ^lU be found to consist 
almost entirel) of polymorphonuclears 

Organisms are usuall) to be seen m addition The organism 
most commonly met uith is an extracellular capsulated 
diplococcua with pointed ends, the pnmvioeoccus Tlie great 
majority of empyemata foUou lobar pneumonia, and in most 
cases the pneumococcus is present in large numbers and m 
pure culture The diagnosis of the causatii e organism can be 
made uith considerable certainty from film preparations m 
many cases but it is advisable alnays to confirn} by cultural 
tests Numerous other organisms may appear in pairs m pus 
films and the pneumococcus often forms short cliams of 4 to 8 
members 

The organisms found next in order of frequency are s/rep/o 
COCCI These may appear in chains of considerable length, are 
often intracellular, and usualiyproveon culture to be h'Binolytio 
Streptococcal purulent effusions are not infrequently met with 
m young children as a sequel of broncho pneumonia, and ma\ 
also occur as part of a general septica?mia or as a terrainil 
infection m chronic general diseases Streptococcal effusions 
are of less favourable prognosis than pneumococcal 

Staphylococci are occasionally found in these fluids, but they 
are rarely the primary cause of a local empyema Tlie pre 
sence of a staphylococcus is suggestne either of a general 
pyseraia or of an infection secondary to some other proce‘«s, 
most commonly a tuberculous one 

Tubercle bacxlh may be present m apparently purulent 
exudates They will not appear in the carbol thionin prepara 
tion but are to be suspected on the folJou mg grounds — If the 
cells m the film preparation are extremely degenerate and no 
bactena are to be seen if the cultures on ordinary media are 
subsequently sterile , if only staphylwocci or the long tlim 
bacilli of a stinking exudate, or both are found , if the con 
dition was a pyo pneumo thorax and not a simple empyema , 
if there is other evidence of tubeniulosis in the patient 

Saprophytic bacilli These are practically confined to the 
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stinking exudates and are usually associated Mith other 
organisms Thej maj be Terj numerous in the film prepara 
tions and appear mainly as long thin curved and often 
beaded extracellularbacilli Hiej are sometimes so numerous 
as to form a regular background to the film Their diagnostic 
import has been alreadj referred to The} are m all probability 
non pathogenic and thev do not grow upon the ordinary 
media m aerobic culture Sterile cultures on ordinary media 
are not infrequently obtained from these fluids even when 
streptococci and staphylococci are present in large numbers in 
the films 

Influenza bactlli are occasionally met with in purulent pleural 
exudates They apjiear as minute and often intracellular 
baciUi and should be further mvestigated 

Otktr batlma such as are rarel} found m the chest include 
colon bacilli t}-phoid bacilli bacillus proteus bacillus pyo 
cjaneus the pneumo bacillus 

(3) Identify the causative organisms b} cultural or other 
methods The bacteria seen in the film preparations should 
suggest the further procedure necessary for their exact identifi 
cation For the majont\ of fluids the primar} cultures should 
be made in litmus milk broth or dextrose broth and on blood 
agar slopes or plates 

In suspected tuberculous fluids proceed as follows — Shake 
up about 2 c c of the pus with about 10 c c of 20 per cent 
antiformm Stand preferabi} m a warm place until the pus 
13 maml} dissolved Centrifuge at a high speed Pour oS 
the supernatant fluid and stain films of the deposit by the 
Ziehl Iveelsen method The bacilli may be present in such 
films m considerable numbers more often they are very scant} 
and they ma} not be found at all If no bacilli are found a 
portion of the antiformm residue after being washed should 
be m]ected mto a gumea pig and another portion cultivated 
upon Dorset s egg medium 

More or less clear pleural exudates These are exammed as 
follows — 

(1) Naked e}e appearance The great majorit} of the«e 
fluids are of a pale straw colour and form an almost complete 
jell} bke clot on standing The exudates as a rule clot more 
firmly than the transudates Hie presence of blood m any 
quantit} should be noted 

(2) The chemical examination This need not be at all 
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exhaiistne and Tinle«« a considerable quantih of fliudi^n\ail 
able can be omitted altogether The reaction of the e fluids 
IS generaU^ alkaline The specific gri\itj is commonly abo%o 
1 020 m the case of exudates and bclou 1 020 for transudates 
The coagulable protcids can be roughh estimated b\ acidifung 
the fluid m a test tube boding and aliening the precipitate to 
settle The exudates usually become almost gohd on boihng 
(3) The cj-tological examination This is of great import 
ance and should never be omitted It is comement to ha\e 
tTTo test tubes of the fluid m order that one portion raaj be left 
uncontammated for a subsequent bacteriological in\estigation 
If onij one tube is available a portion should be poured off 
into a second tube for cj to-diagnosis 

The clot must first be broken up and this can he done either 
b\ shaking the tube or stirring up the contents \nth a sterile 
gla<!3 rod The fluid is then ccntjofiiged at a moderate si>ced 
preferabh on a water or electricalJ\ drnen centrifuge but 
a hand centrifuge niU «er\e the purpose All centnfiige tubes 
should be careftiUi nnsed out with distilled water before 
use 

\fter centrifuging eraptj out the supernatant fiiud b^ 
simply turning the tube upside down The last drop con 
tammg the majontj of the cells will remain m the bottom of 
the tube (It is a w i«e precaution to pre«erve the supernatant 
fluid if there is not a large quantity available ) 

I’irap a ver\ small piece of ab««rbent cotton wool around 
the tips of a small pair of fine pointed forcepo Soak the 
wool in the centrifuged deposit and make modemtel^ thicl 
fihns in the centres of two slides Stam one slide with carbol 
thionin the other with Leishman 8 stun 

The Leishman-stamed film should be treated m the same 
manner as a blood film but gnen the following tiinea — 
Leicboian alone J minute 

Leishman + 2 volumes of distilled water 6 mmutes 
Di’^tiHed w-iteroid) 2 rnmote’* 

Examine the films with an oil immersion lens In the 
majority of these pleural fluids the cells are small Ij mphocj tes 
m the ramonty either polymorphonuclear neutrophils or 
endothelial cells predommate 

The lymphocytes are often very numerous and 20 or 30 
are commonh seen m one field of a ^ 2 ^^ objectia e Tliev 
frequently fonn at least SO per cent of the cells present the 
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remainder consisting of endotbelials, and large lymphocytes, 
ith occasional polj morphonuclear or other cells 
Such a Ijmphocjtic effusion w almost certain evidence of 
a tuberculous affection, syphilitic disease of the pleura being 
practically unknoivn Rarely a Ijmphocytic exudate may 
occur with pleural or mediastinal neoplasms, or in the course 
of Hodgkm s disease 

A deposit of endothelial cells occurs most frequently m cardiac 
or renal dropsy They may also he found ivith malignant 
growths and are, then, firequently associated with red cells 
Polj morphonuclear neutrophils may predominate in an 
apparently clear or m a slightly turbid fluid They have the 
same significance as in an obviously purulent fluid 

Eosinophil cells are occasionally found in the clear fluid 
which exceptionallj follows a lobar pneumonia and still more 
rarely m a tuberculous exudate When present m excess a 
hydatid cyst should always be suspected and the fluid exammed 
for booklets 

(4) The bacteriological examination This xarie^ with the 
type of cell present 

In the case of a lymphocytic exudate proceed as follows — 
Fill 2 centrifuge tubes (of about 10 cc capacity each) two 
thirds full of the fluid Add one third of absolute alcohol 
In\ert several times and stand for 5 mmutes A copious 
precipitate forms Centrifuge at a high speed for 10 mmutes 
Pour off the supernatant fluid If the deposit is comparative!} 
small in amount, make thick films from it and stain for tubercle 
bacilli m the ordinary way If the deposit is very bulky (as is 
usually the case) fill the tubes with 20 per cent antiformm 
Shake thoroughly and stand m a warm place until the 
precipitate is almost dissolved Centrifuge again at a high 
speed for 10 mmutes Make films of the deposit and stain for 
tubercle bacilhf A prolonged search is necessary to demonstrate 
the bacilb, and in the great majoritj of pleural fluids of 
tuberculous or^m no bacilli can be found In cases of exceji 
tional importance the antiformin deposit should be washed 
two or three times with sterile sahne and one portion rubbed 
over the surface of Dorset’s medium the other portion 
injected into the leg of a gumea pig Preferably the centrifuged 
deposit of the original fluid is injected, w ithout other treatment, 
into the leg or peritoneal cavity of a gumea-pig A negative 
result, howexer, does not exclude tuberculosis 
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^Mjere endotlielnJ cells are in e\ce«s no bacteriological 
examination is nece«'’arj 

With an exce«s of polymorphonuclear neutrophil the 
procedure is the same as for punilent exudates, except that 
it IS advisable to add the flmd m greater bulk to the media 
As an alternative the flmd may be centrifuged in sterile tubes 
and the deposit of pus u«od for inoculation of the media 
Lung puncture It occasionalh happens that a chest 
deemed to contain fluid proves on exploratory puncture to be 
filled u ith solid lung On such occasions a small quantit} of 
blood stained fluid is removed in the needle and should be 
reserved for film and culture preparations The pneumococcus 
or other organisms can often be identified by these means, and 
a diagnosis of the condition made 

Lung puncture maj be performed debberatel^ as a means 
of diagnosis but the procedure can hardly be said to be entirely 
free from risk and should be avoided as a routme method 

PERICARDIAL FLUIDS 

Puncture of the pericardium is rarelj performed It is 
advised to make the pimctur© with a fine needle m the fourth 
left intercostal space half an inch from the edge of the sternum 
The fluid withdrawn should be examined m exactly the same 
wav as a pleural fluid both bj cjtological and bacteriological 
methods Tho«e fluids for which pericardial puncture is 
performed are usuallj purulent and frequently as'^ociated with 
a purulent pleurisy 
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PERITONEAL FLUIDS— CEREBRO-SPINAL FLUIDS— 
SYNOVIAL FLUIDS— CYSTS ETC 

PERITONEAL FLUIDS 

Before puncturing the peritoneal cavity the bladder must 
be emptied The puncture is best made in the middle line and 
midway between the umbilicus and the pubes 

The fluid IS crammed in much the same way as a pleural 
flmd 

Purulent pettloneal fluids are rarely w ithdrawn by puncture 
bemg more commonly obtained dunng a laparotomy for general 
peritomtis The organisms present m such fluids usuallj 
include the dacitlus coh Cocci are often seen m addition 
Streptococci m pure culture are of the w orst possible prognosis 
Pure pneumococcal exudates are more frequent m young 
children may be associated with comparatively slight const: 
tutional disturbance and are of fairly good prognosis P 
pyocyaneus is occasionally met with and is usually associated 
with a particularly virulent peritonitis Purulent fluids are 
sometimes obtained in association with the tubercle bacillus 
a secondary mfection 'nth the B coh or other intestmal 
orgamsms having taken place Almost all of the pyogenic 
organisms are found from time to time m the peritoneal cavity, 
and the exammation of purulent peritoneal fluids is conducted 
on exactly the Same Imes as those already laid down for the 
exammation of pus generally 

Clear peritoneal fluids are examined in the same way as clear 
jileural fluids 

Lymphocy tic fluids indicate a tuberculous lesion endothelial 
fliuds are associated with cardiac or renal dropsy, with cirrhosis 
of the liver with malignant disease or with any abdommal 
lesion which tends to obstruct the portal circulation 

Poly morphonuclear neutrophils may be present m apparently 
clear peritoneal fluids and in association with the ordinary 
pyogenic organisms With such fluids it is always wise to 
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examine films of the deposit for tubercle bicjli othennse the 
under!} mg cause of the eondititm ma\ be missed The tubercle 
bicilli maj be present jn considerable numbers 

The cytolog} of peritoneal fluids is not quite so satisfactory 
IS that of pleural fluids The cellukr deposit is ven frequenth 
a mLxed one and the diagnostic value of the findings is not ^ er\ 
great unless flie predommant cell is present m ovenihelmmg 
numbers 

L} mphoc} tic fluids should be examined for tubercle hiciUi 
m the same uaj as pleural fluids Cultures should be made 
of the acute mflammator> or poh*morphonuclear contaminn 
fluids 

Opa/escent fiuids are occasionally wlthdraum from the 
pentoneal cavitv and stiU more rarely from the pleural sacs 
The opalescence la not removed bi GJtratioi: nor bt centn 
fuging nor fay extraction «itb ether and is apparentU due to 
the presence of a hpoid bod^ combined uith a protein The 
significance of the«e striking looking flmds is not kno^vn but 
the} seem to be most frequentl} associated ^nth the dropsy of 
parench}’matous nephntis 

E\tremel} rare are genuine cb\Ious flmds m uhich the 
opalescence is due to actual fat and is removed b\ extraction 
uith ether Such fluids are associated inth lesions of the 
thoracic duct and occur m filanasis They are to be 
distinguished from the p«eudochIvous fluids referred to above 

CEREBRO SPINAL FLUID 

The fluid IS obtained by puncture through the fourth lumbar 
space a special hollow needle provided ■mth a stilette bemg 
required for the operation Needle and stilette should be 
made of flexible draum nickel and of a length of 31 niches 
Do not use an ordmaiy steel exploring needle since it is liable 
to break m the tissues An all-glass s\ringe attachable to the 
needle should lie ivailable, but it t» rarelr required aod strong 
suction with it must be avoided 

The patient is placed m the left lateral position « itli the 
back well bent and the knees drawn up so as to approximate 
to the chin A Ime is drawn acro’^ the back to join the 
highest points of the iliac crests and the intcrspxnous space 
immediately below this line is defined with the tip of the 
finger An area of skin is pamted with iodine and mai be 
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anjcsthetised by eueaine or the ethyl-chloride epraj Tlie 
needle is plunged firmlj into the mtcrspinous space in the 
middle line and pushed gteadil\ onwards and directlj forwards 
until the canal is reached In the majority of adult patients 
the needle has to be passed almost up to the hilt and the 
correct position of the jxant is recognised by the sudden and 
easj passage of the needle just as the canal is reached The 
patient maj also complam of a sensation of pam or tingling 
m the leg On withdrawing the stilette the fluid may gush 
out or as is more frequent escape drop bj drop The flow 
can sometimes be started by cautiously applymg suction with 
the sjTmge 

The fluid IS collected m clean sterile test tubes and if the 
first sample is tinged with blood a second tube should be read} 
as soon as the fluid runs clear It is important to obtain a 
sample free from blood Five c c of fluid is sufficient for 
diagnostic piirpo«es 

After withdraw mg the needle seal the puncture w ith collodion 
and direct that the patient be kept m bed with the head low 
for a period of 24 hours 

The fluid is examined as follows — 

(1) Naked eye examination The normal cerebrospinal 
fluid IS a clear limpid fluid resembling water Sometimes m 
pathological fluids a delicate clot havmg the appearance of a 
fine cobweb slowly forms m the tube Thi^ formation of a 
clot IS certam evidence of disease and suggests either 
tuberculoiK or much less commonly meningococcal meningitis 
In suppurative meningitis whether due to the memijgococcus 
or to other pyogenic organisms such as the pneumococcus every 
grade of turbidity is found from a mere cloudiness to actual 
pus The presence of blood if bright in colour is usually due 
to the puncture of a i e<sel if dark intimately mixed w ith the 
fluid and perswtmg durmg the whole time the flmd is nmnmg 
it is suggestive of intradural bsemorrhage such as occurs m 
fracture of the base of the skull Rarely a clear canary yellow 
fiiud IS obtained {xanthochromta) 

(2) Cytological and bactenological exammations If normal 
spinal fliud is centrifuged for 10 mmutes at a moderate sjieed 
if the tube IS emptied by mversinn and a fairly thick film the 
size of a sixpence is made with a cottonwool swab in the 
manner described for pleunl flmda practically no cells are 
found in the film The presence of more than 2 or 3 cells to 
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a fUm m preparations made by this method is eviaence ot 
disease It often happens that no obvious sediment is found 
after centnfqgmg , the last drop maj neiertheless be nch in 
cells 

If cells are present in evcess, and partjcniarfj m sjTJhihtic 
or tuberculous lesions, when the numbers are rarel> extreme 
and subject to fluctuation, the number should be cstimate<i 
The cell count maj be made as follows Shake the fliud 
thoroughly and make an accurate mixture of equal parts of 
the spmal fluid and 2 per cent acetic acid The object of the 
acetic acid is to hsomolyee the ted eelh, which are alway«! 
present m small numbers , if the fluid is grossly contaminated 
with blood, accurate cell counts and ptotem estimations are 
not possible A drop of the mixture is then transferred to a 
Neubauer countmg chamber (p 41), and with e ^ mch objective 
all the cells are counted m the 9 large equates or m 0 9 of a 
cubic mitlimetre The number of eeUs counted in the diluted 
10 X 2 

fluid X — g — gives the number of cells per cubic millimetre 

of spmal fluid This number does not exceed 5 m normal flmcls 

The cells pre«ent in these fluids are practically of only tno 
kmds — small lymiphocytes and poly morphonuclear neutrophils , 
endothelial cells in €xee«s are never seen On \er> rare 
occasions m general sarcomatosis of the memnges, sarcoma 
cells which resemble endotbehals in appexrance, may be 
present in considerable numbers m the fluid If small lynupho 
c>tes are present the fluid is probably either syphilitic or 
tuberculous, but a moderate exce«i of lymphocides occurs in 
other conditions of which the most important are encephalitis 
ietfaargica and pohorayehtis 

If a syphilitic lesion is suspected proceed as follows . 
Estimate the number of cells and identify the type Estimate 
the protem content and do the colloidal gold test {p 275) 

Do a \\ as'^ermann reaction on the ‘‘pmal flmd and v ith the 
serum In secondary syphilis the fluid may normal, or the 

a'^'ermann may be negatire and the protein And cells slightly 
increased or more rarely the Wassermann reaction tnav bo 
positive and the cells and protem much mcreased In tabes, 
general paresis and memngo \ascular syphUis abnormal 
coUoidal gold curves are present, cells and protem are 
increased The Wa‘«=erraann is po'^itive in the flmd in tabes 
and general paresis irith rare exceptions, but m memngo 
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ia<»cular sj’philis the reaction is negative m nearly half the 
ases 

If a tuberculous lesion la suspected proceed as follows — 

When a cobweb is present, it should either be teased out on 
a slide or lifted out on a cigarette paper and blotted off on to a 
slide, then dried and stained for tubercle bacilli If there is 
no cobweb, half fill two centrifuge tubes with the fluid, and add 
to each an equal volume of absolute alcohol Mix thoroughly 
and stand for a few minutes In the case of normal fluids 
practically no turbidity results , m meningeal disease, whether 
tuberculous, syphilitic or suppurative, a more or less marked 
opalescence forms in the fluid owing to the precipitation of 
proteins This stage of the proceedings therefore yields con 
firmatory e\ idence of the cytologieal findings The tubes are 
then centrifuged at as high a speed as possible for about 10 
mmutes In the majority of cases a small but obvious sediment 
IS found at the bottom of the tubes As thick films as possible 
are made from the sediment and stamed for tubercle bacilli 
m the ordinary way Bacilh may be present m considerable 
numbers , more commonly they are very scanty , a careful 
search however should reveal the bacilli in at least 70 per cent 
of the cases If no bacilli are found 2 to 3 c c of the ongmal 
fluid should be injected into the peritoneal cavity of a guinea* 
pig 

If polymorphonuclear cells are found, some form of septic 
meningitis is present The causative orgamsm should be 
sought for in the films Memngococci are seen as Gram- 
negative diplococci, the majority of which are within the poly- 
morphonuclear cells but a number of extracellular cocci are 
nearly always present as well In meningococcal exudates 
the first cultures should be made on serum agar and m raiUv, 
and m a certain number of cases even when the organisms are 
present m the films, the cultural results are negative Bactena 
will sometimes grow out in the spinal fluid, the ongmal cultures 
remaining stenle, and it is advisable to incubate a tube of the 
fluid with the primary culture tubes Once a growth has been 
obtained the sub cultures grow readily, provided they are 
made at frequent mtervals Pneumococci are sometimes found 
in the spinal fluid, and are recognised as Gram positive, 
lanceolate, extracellular diplococci Pus cells may be scanty 
and the fluid milky m appearance oivmg to the large numbers 
of bacteria present The pneumococcal cases run a rapidly 

CXITICIL »ATHOtOOT 18 


2“-t PU\GTVRE FLVIDb 

fit'll cour=e of 1 to 3 dajs as a rule con«equentl\ the 
prognosis IS far Ie«s favounble than in the meningococcal 
infections which run a roorc chronic cour«e with a fairlv 
high percentige of recovenea Other organisms w hich niai he 
iornid in the cerebro spina? fluid mclnde streptococci influenza 
baciUi and colon bieilh Diphtheroid bacilli md staphvlococci 
are oceasionalli gromi in culture but ire iisuallv to be regirded 
as skin contaminations Streptococcal or pneumococcal 
meningitis is alwai-s secondarj to i focus elsewbereand u<!ualh 
to suppuration m the middle ear Influenzal meningitis u most 
frequent in joving children and iisuallj runs a rapid and fitil 
course The bioilli in the fluid are commonh large and 
curved 

To recapitulate the findings of a spmal flmd deposit — 
Absence of cells is i erj strong evidence against an^ vinet\ of 
meningitis The normal flmd contains le<5a than ■> cells to 
the cubic millimetre Small l^TuphocNies suggest siqilnlis or 
tuberculo'is Polnnorphonucleirs mean septic meningitis of 
which the nio<t common \anet\ is dne to the niciungococcu^ 
the ne\t common to the streptococcus or pneumococcus 

The examination of the ceUid-ir depo>it mav bo okciucd bv 
the presence of blood and it must aJo be recogni«ed that the 
preponderance of the cells whether hmphoc\tes or poh 
morphonucleapi is a matter of degree A few pohmorpho 
nuclears will be found m i tuberculous or ejqihilitie menmgitis 
La mphocA'tes are fairh numerous m menmgococcal infections 
and particularlv in the more clironic cases \ positive inter 
pretition of the film requires that the percentage of the pre 
dominant cell should be at least 70 

(3) The chemical examination TAe jirofein content of the 
fluid is nlwavs examined and a rough guide for ordinan 
clinical purposes is afforded bj the alcohol test About 2 c c 
of the fluid js poured into a te«t tube and an equal amount of 
absolute alcohol is cirefnll\ run down the side of the tube 
without mixmg the fluids Tilth i normal protein content 
the line of jimction of fluid and alcohol is onlv just a i ible 
if protem is present in excels a turbid ring develops at the 
Ime of junction of the two fluids Tlie alcohol and spinal 
fiiiids ire then mixed and the appeamnees of the ring tc«fc 
confirmed from the resulting genemi opacitA TVitb a nonual ' 
fliud a ven flint oj ale=cence remits w-itb increi«ing amounts 
of proteins the reading vine^ from i definite turhiditA to iv 
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coir^e flocculent precipitate The protein content is increased 
m all forms of meningitis and the increase usually corresponds 
roughly v, ith the number of cells present In cases of spinal 
or cerebral tum our or with meningeal adhesions the protein 
content is high andTEeftt^no cellular increase The yellow 
spmal fluids referred to previously are of this nature and have 
a aery large excess of protein The condition is known as 
From s syndrome or xanthochromia 

Protein e^tinuition 

Required (1) 0 3 per cent solution of serum proteins 
This can be made up sufficiently accurately from normal 
senim by assuming that it contains 7 per cent of protein and 
dilutmg accordmgly u ith normal salme 

(2) Five per cent solution of sulphosahcylic acid 

(3) Graduated 1 c c and 10 c c pipettes 

(6) Senes of test tubes of clear glass and equal bore 

Procedure To a series of tubes add 01 02 03 04 06 
and 1 0 c c of the protein solution and normal saline to make 
the volume up to 3 c c Add 3 c c of sulphosahcylic acid 
solution to each and mix Take 0 5 c c of the cerebrospmal 
fluid m another tube add 0 5 c c of salme and 1 c c of sulpho 
salicylic acid solution and mix Compare this tube with the 
tubes contammg the standard protem solution From the 
tube which it most nearlj matches in degree of opacity the 
protem content of the cerebrospinal fluid can be calculated 
The tubes correspond to concentrations of 0 02 0 04 0 Of 
0 08 1 2 and 2 0 per cent of protein 


Protein in Cerebrospinal Fluid 


Normal 

Meningitis 

Disseminated sclerosis 
General paralysis 
Tabes 

Syphilitic meningitis 
Xanthochromia 


0 020 to 0 035 per cent 
0 050 to 0 20 
0 030 to 0 060 
0 040 to 0 10 
0 030 to 0 060 
0 050 to 0 20 
up to 2 


Lange s colloidal gold test is of considerable diagnostic value 
m syphilitic infection It is not merely confirmatory of other 
tests blit is of particular assistance in the diagnosis of the early 
stages of tabes and general paresis In the latter affection ne 
hai e on several occasions found a positive colloidal gold curve 

18 —* 
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at a tune -Hhen all other tests were negative The leaction 
depends upon the altered glohulm albumin ratio m the spinal 
fluid h^ which the protective action of the albumm m pre 
venting the metallic gold precipitation bj the eIecfroI>-te or 
salt la ercome b\ the precipitating action of the gJohulin 
The test is performed as follows 

Required (1) Special diatUled water This « moot con 
lenientlj made from tap water to which a knife point of 
potassium permanganate has been added This is distilled 
using a distilling fla«k ind condenser without rubber stoppers 
or connection': The first portion of the distillate should be 
rejected 

(2) Hardghss te't tubes 

(3) Graduated 1 ec pipette 2 graduated 10 cc pipettes 

(4) Colloidal gold sol To 200 cc of special distilled water 
m an Erlenmejer flask add 2 c c of a 1 per cent solution of 
pure potassium oxalate Heat to boiling and then nm m 
drop b^ drop 2 c c of a 1 per cent solution of gold chloride 
(double salt AuCIj J»aCI 2HjO) After a few seconds a 
brilliant red colour develops Continue boihng until all the 
gold solution has run m and cool The sol should be bright red 
with no suggestion of blue or purple clear bj transmitted 
light and slightlv cloudy b^ reflected light Difficulties m the 
preparation arise mainly from the u«e of acid solutions of gold 
chloride Ifthesolutionisnottooaciditmaj be made service 
able b^ neutrali&ation 

(o) 0 4 per cent sodium chloride solution made with special 
distilled water 

All glass ware must be cleaned b> soakmg m sulphuric acid 
bichromate mixture and washed out well with tap water 
followed bv special chstiHed water 

Procedure Place 10 of the test tube* m a rack To the 
fir^t add 0 9 c c of the sodium chloride 'iohition and 0 5 c c 
to the remamder Add 0 I c c of the spmal fluid to the fln'fc 
tube mix Beaiare 05 ce of this mixttire and add to the 
second tube mix Add 0 5 c c of this mixture to the third 
tube and •'o on w ith the subsequent tubes discarding the la«t 
0 5 c c Add 2 5 c c of the colloidal gold to each tube AIlx 
and let stand o^e^llght Complete precipitation with a 
colourless supernatant fluid is reported as 5 a grejasb blue 
fluid as 4 a blue fliud as 3 reddi«h blue as 2 bluish red as 1 
and unchanged a" 0 
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In general paresis complete precipitation (5) is found in the 
earlier tubes , in tabes changes up to 4 or 6, w ith the maximum 
usually about the fourth tube , m disseminated sclerosis 
changes up to 3 or 4, with a maximum about the fifth tube 
In tuberculous and acute forms of meningitis the maximum 
changes (2 to 3) occur in the higher tubes Normal fluids may 
change to 1 or even 2, usually about tube 8 

The glucose in cerebrospmal fluid normally lies between 
0 06 and 0 09 per cent Low concentrations are found in 
hypoglycsemia produced by msulin also m acute, and 
particularly in tuberculous meningitis (0 01 to 0 05 per 
cent ) 

The method of estimation described for blood is apphcable 
to cerebrospmal fluid Much smaller quantities can be used , 
it IS convenient to measure 0 5 c c of cerebrospmal fluid into 
a 6 c c measvumg cylinder, add water to about 3 6 c c , then 
2 

0 5 c c of sodium, tungstate and 0 5 c c of g N sulphuric acid, 

make up to 5 c c , and proceed as for blood 
The chlonde m the cerebrospmal fluid normally lies between 
0 43 and 0 45 per cent reckoned as chlorme (0 71 and 0 75 
reckoned as sodium chlonde) Lou figures may be found 
associated with low plasma chlonde for example m chronic 
nephntis (though not invariably) and m acute intestinal 
obstruction , also in acute, and particularly tuberculous, 
meningitis, m which the concentration may fall as low as 0 58 
(reckoned as sodium chlonde) This reduction in raenmgitis 
may be of value in diagnosis High values may be found m 
cases of nephritis with nitrogen retention 

Chlorides may he estimated m cerebrospmal fluid by the 
method described for plasma 

SYNOVIAL FLUIDS 

The puncture of joints for diagnostic purposes should only 
be undertaken m ideal surroimdmgs and uith the strictest 
aseptic precautions Provided there is a large excess of fliud 
m one of the large joints and every care is taken, there is no 
real risk in the procedure The pomt at which to make the 
puncture necessarily vanes for each joint, but no difficulty 
should he experienced if the needle is plimged directly through 
the skin into the most obvioualy distended portion of the jomt 
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cavitj The needle should be of sharp steel fitted ith an all 
glass syringe and with a stilctte After ivithdrairal of the 
needle the puncture w ound must be sealed w ith coUodioa 

The removal of the fluid from a joint has further adnntages 
The relief of tension when i moderate quantit) of fluid b 
withdrawn is in manj cases beneficial and the subsequent 
preparation of an autogemous vaccine maj be made use of »s 
an aid to treatment 

In the puncture of a distended knee joint an unexpectedly 
small quantity of fluid is commonly withdrawn ownig to the 
bloekmg of the needle with symoviil fringes Bj altering the 
position of the needle a further flow is often obtained 

The normal sjTioxial fluid is a stickj \i>cous matenal of 
unmistakable character In di^seace it maj be not obviousli 
altered in appearance or it maj be turbid, or it may be 
obviously purulent 

In all cases film preparations should be made without 
centrifugmg In practicallj ever3 \ anetj of arthritic di-ea*« 
the predominant cell is a poljTnorphonuclcar neutrophil while 
lymphocytic and endothelial cells are usually preheat in 
addition The polymorphonuclear cell is predororoaut not 
only in acute lesions due to gonococci or other pjogenio 
organisms, but also in the chronic distended jowts of 
rheumatoid arthritis Lymphocytes may be more numeroto 
m acute tuberculous joints but the cy f ology of synovial fiui 
13 not of stnkmg diagnostic value The cells in carbol 
preparations are seen lying on a deeply stained backgroun 
the syno\ lal fluid , 

All film preparations should be carefully searched 
bacteria and these should be seen in all the acute septi® 
due to streptococci pneumococci, or staphylococci an 
many of the gonorrhceal cases if a very careful and pro 
search is made In these affections the findings ° . 

film preparations must always be confirmed by c 
methods 

In tuberculous cases no orgamsms are seen m the ca 
thionm films unless a secondary infection has taken p 
The matenal wathdrawm id such cases is often 
caseous and the cells are necrotic and n^ny ° 
unrecogmsable A portion of the fluid should be 
with antjfonmn, centnfuged and exanuned for tubercle 
m the ordinary way The baciUi may be fairly numero 
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In the large group of trtlmtic affections knorni as 
rheumatoid no organisms are seen in the films and none is 
grow n m any culture media Paracentesis of acute rheumatic 
joints IS rarelj performed partly because the effusion is so 
often shght m amount and is mainly periarticular 

Hydrocele and spermatocele fluids These are obtained 
bj puncture through the tensest portion of the cysts care 
being taken to avoid uoundmg one of the scrotal vessels 
Hydrocele fluid is commonly clear and straw coloured On 
standing a quantity of cholesterm crystals separates out 
The cells present are mainly endothelial and no organisms 
are found In cases where secondary infection has occurred 
poly morphonuelear neutrophils predommate and the ordinary 
pyogenic organisms most commonly staphylococci are 
obtamed Spermatocele flmd is usually milky m appearance 
and in almost all cases large numbers of spermatozoa are 
seen under the microscope The spermatozoa are best evammed 
unstamed a drop of the fluid bemg placed on a slide with a 
cover slip over it and watched under the | inch objective 
Stained preparations of dried films can be made with carbol 
thionin or Leishman s stem 


CYSTS 

For all cyst fluids a chemical and a microscopical examma 
tion are required Bacteriological mvestigations are rarely 
called for In the majority of cases the nature of the cy'st is 
clearly determined on clinical grounds or at operation and 
the laboratory investigations are for purposes of confirmation 
The exammations made should naturally be those most 
appropriate to the ty’pe of cyst suspected ^\^len the nature 
of the cyst is quite obscure the following routine procedure 
should be adopted biote the amount and naked eye appear 
anee of the fluid Test the reaction and the specific gravity 
Estimate roughly the amount of coagolable protein Test for 
the presence and amount of urea Test for the presence of a 
reducing substance Estimate roughly the amount of chlorides 
present Examine the centrifuged deposit m fresh and stained 
specimens as to the nature of the cells and the presence of 
crystals or of hydatid booklets If there is reason to suspect a 
pancreatic cyst examine also for the presence of ferments 
Prepare paraffin sections of the cast wall if available ^ 
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The following is a bnef de*^;ription of the more important 
cyst fluids — 

Hydatid Cysts 

Specific grantj about J,OJO 
Protems very scantj or absent 
Chlondes ahimdant 
Sugar oceasionallj present 
Urea present in very small amount 
Hydatid bookleta in centnfaged deposit 
The really diagnostic feature is the presence of hooUets 
The booklets are sharply pomted at one end and barbed 
Occasionally a well formed scolex with a circle of booklets may 
be found (p 158, Fig 14) 

Pancreatic Cysts 

Specific gravity, 1 0lt^l,020 
Reaction alkahne 
Proteins in \aTying amounts 
Chlondes usually scanty 
Urea often a trace 
Cholestenn usually present 
Trypsin, Lpase, and diastase present 
The characteristic constituents of these cysts are the 
ferments uhich can be found m the majonty of ca'ies They 
are tested for as follows — 

Trypsin 

Required Ca«em solution Dissolve 0 1 gram of casein 
in 100 c c of 0 1 per cent ^ajCOj 

In 4 teat tubes place 10 cc of the casern solution warmed 
to 37® C Add 0 1 0 2 0 5 and 1 c c of the fluid to be tested 
Incubate at 37® C for 15 minutes To each add a few drops 
of 1 in 40 acetic acid If the ea«eui is digested, the tube will 
remain clear If a: was the minimum amount of the fliud 
tested required to effect digestion the ‘ tryptic activity ' 

1 

IS 

X 

Trypsinogen may be tested for if trypsin is not found 
Prepare enterokma«e by gnpdmg 1 gram of fresh fat free 
duodenal mucosa of a pig with sand Add 10 c c of normal 
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sahne and strain through mushn Add 1 c c of this extract 
to 2 c c. of the cyst fluid, incubate at 37® C for 30 minutes 
Then test for trypsin as before 

Lipase 

Boil 6 c c of milk to kill bacteria Cool and add 2 c c of 
the fluid Add 1 c c of 0 02 per cent phenol sulphone 
phthalem and enough 2 per cent sodium carbonate to give the 
solution a reddish tmge Divide into two portions, A and B 
Boil B and cool Incubate at 37“ C If lipase is present A 
will become yellow owing to the setting free of fatty acids 
Tube B serves as a control 

Diastase 

Dilute 1 c c nith 9 c c of normal saline and test for diastase 
as described in Chapter XIT 

Renal cysts Renal cysts proper may arise from a hyper- 
nephroma from a congenital cystic kidney, or from a contracted 
granular or cardiac kidney Rare single cysts of considerable 
size may be found arising as a rule, from the lower pole of an 
apparently healthy kidney The composition of such cysts 
is very variable and both urea and uric acid may be absent 

The contents of a hydronephrosis have more obviously the 
composition of urme but the specific gravity is usually below 
1 010 , albumm is frequently small xn amount The reaction 
may be acid, a point which immediately suggests a renal 
origin The most important constituent zs urea, which may 
amount to from 0 4 to 1 0 per cent It must be remembered, 
however, that many cystic fluids contain a trace of urea though 
a percentage of more than 0 2 is very suggestive of a renal 
origin and more than 0 5 is practically diagnostic 

Ovarian Cysts The source of the fluid may sometimes be 
recognised from the character of the cellular deposit The cells 
in some cases may be mdistmguishable from the endothelial 
ceils of a peritoneal fluid , in other cases columnar epithelial, 
or even ciliated, cells may be found Cholestenn crystal*’ arc 
common m these fluids, but may occur m almost any' variety 
of cyst 

Other abdominal cysts. These include mesenteiic, letro- 
pentoneal, and omental cysts All of these are rare, but they 
may be of considerable size The fluid contents present no 
particularly characteristic feature 



SECTION IV— THE URINARY SYSTEM 

CHAPTER MV 

ROUTINE EXAMINATION OF THE URIVE 

As examination of the unne forms a part of the routine 
investigation of every patient For the purposes of an 
ordinan clinical eiammation a specimen of urine pa-vcd at 
the time can be made use of but m the ca«e of patients confined 
to bed a sample taken from the total unne pa«sed ui the 24 
hours IS to be preferred For examination for ca«ts for 
glucose m patients under treatment \nth insulin and for 
detection of fixation of specific gravity the first specimen 
pas«:ed m the mommg should be examined For special 
purposes the urme must bo withdrawn bj catheter and a 
catheter specimen is nece«sarj for bacteriological investigation 
in the ca«e of women For the detection of small traces of 
albumin or of pus m the unne of women a catheter specimen 
is Similarly es«entiai since a sample of urme pissed in the 
natural manner is ver) frequenth contammited b> leuco 
cides and the albuminous secretion of the vagina In Bpccial 
c3«e3 the 'secretions of each kidnev <»faouId be obtained 
bi means of ureteric cathetensation The routme eximma 
tion of an ordmarj specimen of urme should aI\ia\-3 be 
conducted according to a •Settled scheme of investigation 
The simple tests desenbed below must be applied in everj case 
whether there is an\ reason to suspect in\ abnormal substance 
m the unne or not The mnne may be found loaded with 
albunun or sugar m the ca«e of epparenth healthi persons 
w'no are seeVing afrviit as to iVit tjf some operalwa 

that ma\ well be posti>oned but which w ould be advisable for 
normal persons The unexpected detection of pus m the 
unne maj alter the diagnosis of a supposed splcmc enka^cment 
into that of a left pyonephrosis and numerous «imitar instances 
of the importance of routine examination could readili he 
adduced 

Amount The amount of nrme passed m 24 hours bv a 
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normal person varies considerably, particularly with the 
amount offluid drunk and lost by the skill , the figure 1,500c c 
IS only an average and subject to wide variation When 
conditions are to some extent standardised, as with patients 
m hospital, the variations may be less 

Apart from variations due to intake and loss by the skin, 
a greatly increased volume of urine is passed by patients with 
diabetes mellitus who are excreting large quantities of glucose, 
and IS the essential abnormality in diabetes insipidus Patients 
who are recovermg from cedema may pass \ ery large quantities 
of urine Large volumes ate said to be passed b> patients 
with chronic mterstitial ncplintis , when they are takmg a 
diet contammg a normal amount of protem the volume of 
urine is moderately mcreased in order to get rid of the urea 
formed, but on restricted diets m hospital they rarely pass 
more than 2,000 c c in the 24 hours , the volume passed at 
night however is larger than is usual with normal persons 
Decrease m the volume of urme occurs m any condition m 
which the intake of water is reduced or the loss by sweating 
is increased, as m fevers , also, as the result of loss of fiuid 
by diarrhoea and vomiting It also results from failure of 
excretion m heart failure acute nephritis, nephrosis and m 
the termmal stage of other forms of nephritis Complete 
suppression of urine results from blocking of both ureters by 
calculi, and may follow operations on the genito urmarj tract 
Decrease in the urinary output must be distinguished from 
retention of unne, such as commonly takes place with stricture 
of the urethra or in obstruction due to enlargement of the 
prostate, and may also occur in certain cerebral conditions, 
such as menmgitis, and after operations 

Appearance Normal unne, when passed, is usually clear, 
but occasionally turbid from the presence of phosphates , it 
commonly becomes turbid on standing owing to the deposition 
of urates Turbidity in the urine of patients when passed may 
be duo to phosphates, pus bacteria, or, very rarely, fat 

Colour The yellow colour of urine is due to urochrome , 
the mam cause of variation of colour is the volume passed, 
large volumes being pale, and small dark , but some vanation 
IS also caused by the diet an abundance of green food produces 
a darker unne 

The most important causes of dark urme are blood pigments 
and bile pigments The abnormal colours produced in unne 
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by urobilin, baematoporphyrm, homogentisic acid, phenol 
denvati\es, melanin, eo<5in, methylene blue, and pjramidon 
will be considered later as the recognition of these substances 
cannot be included in routine exammation of urme 

The reaction The reaction of freshlj passed normal urme 
IS usually acid but may be alkalme when the diet consi-ts 
mainli of regetables and after taking alkalies The fresh 
urme of patients ma\ be alkahne from the same causes, or 
owing to bacterial action in the bladder Unless «ome 
preservative is added, or the urme collected with a'^ptic 
precautions, the urine becomes alkahne on standing owmg to 
the breakdown of urea so that no significance can be attached 
to an alkalme reaction m urine taken and kept without 
precautions 

For routine exammation it is sufficient to test the reaction 
with litmus paper , care should be taken that the urine does 
actually soak into the paper, especially if this is glazed 

Speafic graMty The specific gravitj of the urme of nonnil 
persons vanes considerably, depending mainly on the volume 
and the amount of urea evcret^ The specific gravity of the 
night urme is usually higher than that of the day urine 

High specific gravity, that is above 1 020, is usually found m 
all conditions m which the volume is low, but occurs, associated 
with a large volume, in diabetes mellitus when much glucc^e 
IS excreted Low specific gravity again is usuallv associated 
with a large volume , in nephntis with severe impairment of 
renal function the specific graMty is constantly low and about 
1 010 

The presence of albumin Albumin in quantity detectable 
bi the ordmary tests is normally ab«ent from the urme and 
its pre«enee in eien small amount is of important climcal 
significance The albumin present in disease consists m the 
great majonty of cases mainly of serum albumm with vanang 
amounts of serum globulin One of the two following tests 
should be employed in e\ery examination, and either test if 
properly performed is perfectly reliable — 

(a) The heat test The unne, if cloudy, must be filtered, 
and if alkaline must be rendered acid to litmus with dilute 
acetic acid (1 m 40) , the 33 per cent solution frequently used 
IS much too strong Fill a clean test tube two thirds full with 
the clear acid urme Slow ly heat to boilmg point over a small 
Bun«en fiame the top mch of the fluid, rotating the tube but 
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not shaking it. Look at the column of fluid with the hght 
coming from behmd and holdmg the tube agamst a dark back- 
ground If a cloud, hou ever famt, appears ui the heated por- 
tion, add a few drops of the dilute acetic acid, whether the urme 
was previously acid or not If the cloud persists, albumin is 
present , if the turbidity vanishes agam, it was due to phos 
phates If the urme remains clear after heating, add a little 
acetic acid, and heat agam , a turbidity due to albumin is 
sometimes foimd If the urine remains clear, albumm is 
absent The failure to esamme the tube agamst a dark 
backgroimd is responsible for innumerable cases in which 
a small, but often important, trace of albumin has been 
altogether missed Unless a considerable cloud of coagulablo 
protem is present the turbidity becomes transparent when held 
agamst a bright or comparatively bright ground Even should 
the urme be sbgbtly turbid with bacteria (gross turbidity 
from this cause can be modified bj centrifugmg at a high 
speed), the additional cloud of albumm can be detected m 
this way 

If the urme is turbid from the presence of phosphates, the 
turbidity will disappear on adding the acetic acid 

If the turbidity is due to the presence of urates and is not 
completely removed by filtration, gentiv warm the upper half 
of the tube, which w ill become clear before proceeding to heat 
the top half mch of the fluid If such a urme is heated rapidly, 
the turbidity of the albumm may merely replace that of the 
urates and escape obsen ation 

Very rarely m very dilute urmes albumin does not precipitate 
on boilmg owmg to the absence of salt , if this is suspected 
1 c c of 2 per cent sodium acetate should be added to about 
10 c c of urine, followed by sufficient acetic acid to make the 
urme definitely acid, and the urme boiled as before 

(6) The sulphoaahcylic actd test This test is simple and 
trustworthy Take 2 mches of urme m a test tube , if alkalme, 
make slightly acid with acetic acid, and add 10 drops of 20 
per cent sulphosalicylic acid If albumm is present a cloud 
appears 

The nitric acid test {Hdltr’s test) This test, though conse- 
crated by tradition, cannot be recommended It is not very 
delicate, and is given by several substances other than 
coagulable protems 

In routine exammation, when albumm is found in urine, it is 
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iclvisable to make a rough e<?timate of the amount present as 
follows If a cloud onK appears such as would cause no 
appreciable bulk of precipitate at the bottom of the test tube 
note that a famt trace a trace or a heav^j cloud of albumm is 
present according to the opacity which is present after boiling 
and acidifjTBg If a precipitate is formed m bulk boil the 
whole contents of the test tube and allow to Stand ’l^Tien the 
precipitate has all collected at the bottom hold an ordmirj 
tape measure agamst the test tube and read the level of the 
precipitate and the urine Express the depth of the precipitate 
as a fraction of the depth of the colunm of urme a"? one «ixth 
one fourth one third etc • 

The follow mg are among the more important conditions in 
which albumin occurs in the unne — 

Albumm maj occur after violent exercise severe expo'aire 
and after excessive eating or drinking In the previouslv 
normal mdividual the alburmnuna which ma} be induced h\ 
such means rapidl\ disappears Fever particularlj if con 
siderable or prolonged is commonly associated with a trace of 
albumm 

Large amounts of albumm (one fifth or more) are present in 
the urme in acute nephnti* nephro is and nephrosis mused 
w ith glomerulo nephriti« m the kidney lesions associated w ith 
pregnancx and usuallx m heart failure when the volume of 
urme is low In chronic glomerulo ncphriti« (chronic inter 
stitial nephntis) moderate amounts are found (one twelfth to 
one fifth) the statement that onh traces might be present m 
chrome mterstitial nephntis aro<;e from the confusion between 
nephritis and hj'perpiesia 

\ trace of albumm is often found m the unne in diabetes 
melhtus 

In ca«es of albummuria due to anx form of renal disease ca'ts 
are nearly always present in addition 

Albummuna maj aI«o occur and in considerible degree 
without any known structural alteration in the kidnexs or 
heart Such ca«es are known as functional or postural albu 
minima and are not uncommon in young people Such 
albummuria tends to disappear when the patient is at and 
to reappear on taking exercise or even on assuming the erect 
posture Casts are absent and the arteries are not affecteil 


• If the tract onuo 
fone-eghth about 0 


lehalf the nnwwita ns about I percent of album n 
percent and if a cloud only about 0-0 percent 
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nor do these cases commonly appear to progress to any of the 
recognised forms of nephritis 

The occurrence of blood or pus m the urme is always 
associated with the presence of albumin and it is frequently of 
importance to determine whether the amount of albumin is 
sucb as could be accountetl for by the quantity of pus or blood 
or is in excess of it Albumin present m greater amoimt than 
can be accounted for by the amount of pus coming from a 
probable focus in the bladder for example would pomt to 
m\ol\ement of the kidneys as well It maj be taken as a 
rough guide that a very considerable amount of pus in the 
urine produces little more than a trace of albumm The 
presence of blood leads to a higher degree of albummuna tlian 
the same amount of pus and hacmatuna occurring with a 
chronic interstitial nephritis obscures the albumin due to the 
nephritis In such cases the presence of granular casts would 
indicate renal mxolvement The hTmatuna which accom 
panies acute nephritis is usually associated with a degree of 
albummuna obviously much in excess of that accounted for bj 
the amount of blood present 

The exact signidcance to be attached to the presence of 
albumm m the urme is of great importance in life msurance 
and every case m which even a trace is discovered calls for a 
■very complete exammation not only of the urine but of the 
patient also There is no doubt that transient albummuna 
may occur without any senous involvement of the kidne> and 
m exceptional cases a considerable percentage of albumm may 
be passed over long periods without anj apparent detriment 
to the individual 

Reducing substances In this examination two questions 
arise (a) Is a reducing substance present * and (6) if a 
reducing substance is present w'hat is it * 

(a) For the detection of the presence of reducing substance 
tw 0 methods Fehlmg s and Benedict s can be recommended 
It IS advisable to become familiar with one of these methods 
and use it onij 

Fehbng 8 method Preparation of solution — 

(1) Dissolve 34 64 grams of powdered crystalline copper 
sulphate m w arm w ater cool and make up to 500 c c 

(2) Dissolve 180 grains of sodium potassium tartrate m 
300 cc of hot water filter add 70 grams of pure caustic soda , 
cool and make up to 500 c c 
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For u«e, mix equal volumes of (1) and (2) 

To test urine,* take aa mch of unne in one test tube and an 
equal volume of Fehling’s solution m another Boil lx)th, add 
the Fehhng’s solution to the unne, and mis well Allow the 
mixture to stand till cool before deciding that the reaction lo 
negative With abundant reducmg 8ub<»tance, e g , over 1 per 
cent of glucose, a reddi«b or jellow precipitate of cuprou"! 
oxide appears at once, ubile if the amount of reducing 
substance is small, c g , under 0 5 per cent of glucose, nothing 
but a greenish deposit maj appear on standing , with some 
urmes contammg glucose and a high concentration of other 
substances as well, the cuprous oxide is further reduced to 
copper m colloidal solution giving a red or purple fluid with no 
precipitate 

It IS necessarv to boil the Fehlmg s solution before adding 
to the unne as the mixed solution ma\ change on keeping so 
that it reduces it«elf on boiling , al«o glucose is parti} destro\cd 
if boiled with this strongl} alkalme solution, so that the te«t la 
less dehcate 

Tlus test will detect about 0 2 per cent of glucose m unne 
so that it IS suflScientlv delicate for clinical use A ver^ rough 
idea of the amoimt present maj be obtainetl b\ dropping hot 
unne with a pipette mto 1 mch of Febling’s solution m a test 
tube which iskept boiling dunngtneaddition If 10drop»are 
required lOOcc oftheunnecontainabont2granisofgluco'e 

Benedict 8 test Preparation of solution — 

(!) Dissolve 173 grams of sodium citrate and 100 grams of 
anh} drous sodium carbonate in 600 c c of n ater , filter into a 
htre cjlmder and dilute to 850 c c \ 

(2) Dissolve 17 3 grams powdered cr}-stallme copper sulphate 
m 100 c c of water and dilute to 150 c c , add this solution 
to the citrate-carbonate solution m a beaker, with constant 
stimng 

To 5 c c of this «K)lution, in a wide lest tube add 10 drops of 
the vrme, free of albumin, to be tested , boil for 2 minutes and 
allow to cool If a reducing substance is present a precipitate 
will appear, depending, as with Fehlmg s solution on the 
amoimt of this substance This test is more delicate than 
Fehlmg’s 

(6) If a reducing substance i-. found m unne and the evidence 

• If albumin is prwnt m tbe unne, coagulate this by boiling »« already 
ilescnbed filter, and test the filtrate 
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deri\ ed from clinical exammaticm and estimation of the blood 
sugar does not unquestionably pomt to the diagnosis of diabetes 
melhtus it is necessary to mvestigate whether the reducmg 
substance ls glucose or one of the other reducmg substances 
nhich may occur m urme As this investigation is not part 
of a routine mvestigation of urme it will be considered later 
(Chapter WI p 312) 

Acetone bodies are excreted when the metabolism of carbo- 
hj drate is much reduced either from inability to bum glucose 
as in diabetes melhtus or from absence of carbohydrate to 
bum as in starvation They are also excreted m other 
conditions particularly in children with fever and in 
pregnancy amounts sufficient to give a moderate nitroprusside 
reaction may be found m the urine of pregnant women who 
otherwise appear perfectly normal larger amounts may be 
found associated with abnormal nausea and vomiting 

Acetone bodies are formed from the incomplete breakdown 
of fats and some ammo acids When the amount formed is 
small acetone (CHj CO CHj) is mainly excreted together 
with a little acelo acetic acid (CH, CO CHg COOH) As 
the amount excreted increases j8 hydroxybutyric acid (CHg 
CHOH CHg COOH) appears m increasing quantities and the 
amount of aceto acetic acid is increased to a less degree 

Tests for these substances should be made regularly m all 
cases of diabetes melhtus and it would be as well if the tests 
were made more frequently in other conditions as more 
mforination as to the morbid states in which these substances 
occur w ould be v aluable 

Rothera a test should always be used before any other, as it 
IS more delicate than the loiloform test and not given by other 
substances which may occur in fresh urme, as is the ferric 
chloride reaction Take sobd ammonium sulphate m a test 
tube to the depth of about 2 mches fill the test tube about 
two thirds full of urme shake well to saturate the urine with 
aramonrara suJphate add S tfrops of a strong, freshly prepared 
solution of sodium nitroprusside and ^ inch of strong ammonia 
solution mixing after each If acetone or aceto acetic acid is 
present a permanganate colour develops, reaching its maximum 
m about 15 mmutes Neither unne nor nitroprusside solution 
should be heated This test is given by both acetone and 
aceto acetic acid it will detect them m urme when over 
,0 005 per cent of the two substances are present 


CU^ICIL PATBOlOor 
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The u<5e of fi^h nitropni^de solution dail^ is vra^teful , a 
permanent reagent maj be made as follows DissolTe71gram« 
of ammonium nitrate and 5 grams of sodium nitroprusside in 
water and make up to 200 c c , keep m an amber bottle m the 
dark For use add 1 c c of this solution to 3 c c of unne, mix 
and add about 0 5 c c of strong ammonn solution The 
colour resulting is le'ss mten'« and develops more slowh thin 
that produced m the usual wa\ The reagent will keep 
several months 

For acetone alone the todoform reaction maj be used To 
2 mches of unne m a test tube add about J inch of strong 
caustic soda , filter if cloudy, and to the filtrate add 1 c c of 
Gram’s lodme If acetone is present the smell of iodoform may 
be detected or iodoform roaj precipitate This is a very 
delicate test for acetone m water but in urine the smell ma\ be 
obscured by other smells and the precipitate held up colloids, 
«o that the test is not verj satiafactory 

For the detection of accto acetic acid the feme chloride 
reaction is commonlv used To 1 inch of unne m a test tulie 
add feme chloride (10 per cent ) solution drop b\ drop, a 
precipitate usually forms which clears up on adding more feme 
chlonde solution If aceto acetic acid is present in quantltle^ 
over 0 02 per cent a brownish-red colour appears A similar 
colour IS given by products of phenol, particularly salicylic acid 
and Its deni atives * , also by denv atives of rhubarb and senna 
which are excreted m the unne The test had become cstab 
lishcd before the present populanty of aspinn and it» u e 
per^i^ts although far more than half the ‘ feme chloride 
reactions ” must be due to substances other than accto-acctic 
acid It IS true that the reaction due to aceto acetic acid cm 
be distmguisfaed If the unne is IwUed sufficienth long the 
aceto-acetic acid is broken down so that the reaction «ith 
feme chlonde is no longer given But the boiling must be 
more prolonged than that usualli given Boiling after adding 
feme chlonde de'^tnays the colours due both to aceto-acctic 
acid and to other substances Salicylic acid den\ative3 «hen 
present m small quantitie*? cannot be thstinguished bv the 
colour alone , this may exactly resemble that guen by aceto 
acetic acid For the«e reasons Rothera’s test should aluai" be 


• Salicylic acid and denvatnes inav also p\i> n“« to a reducing *'^*’J**^^ 

unne thus producing a very suceeasfu! trap a urine rontaoiing * 2 

bstance end giting n feme chlorjde reaction but liaiingnotl ingto owi 


diabetes melUtus 
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ti*!ed before trying the feme chloride reaction if Rothera s 
test IS negative any feme chloride reaction found is not due to 
aceto acetic acid 

Unfortunately there is no simple test for j8 hydroxybutync 
acid 

The condition in uhich acetone bodies appear in the urme 
IS called ketosis on mg to an unfortunate confusion of ideas 
the term acidosis has been and still is used for this condition 
This leads to difficulties as acidosis may occur ’Without any 
appreciable amount of acetone bodies in blood or urme and a 
ketosis may actuallj be caused by alkalosis 

Bile pigments occur in the urine when excessive amounts 
are present m the blood their detection m the urine gives 
little mforraation as they are not excreted u ith slight degrees 
of jaundice and sometimes not n hen the jaundice is moderately 
severe Their presence in the urme is as a rule fairly ob\ lous 
to the naked eje and if a test tube containing urme is shaken a 
greenish yellow froth appears on top 
The follow mg tests may be used — 

Omelina itst Filter seieral cubic centimetres of urme 
through a clean filter paper 'When all the urme has passed 
through dip a glass rod m yellow nitric acid and then on the 
filter Ipaper 

A spreading rmg of colours appears round the area touched 
by the acid The colours are from within outwards yellow 
red violet and green The test is not positive unless the green 
colour IS certamly seen 

Should the bile pigments be present m small amount a 
po'iitive reaction may be obtained if a considerable bulk of 
urme is filtered two or three tunes through the paper 
Iodine test Take 2 c c of urme in a test tube 
CarefuUj pour on the top of the urme 1 c c of tincture of 
lodme 

A green rmg appears at the junction of the liquids 
Bile salts are usually excreted only during the early daj s of 
obstructive jaimdice Apparently the bile salts which usually 
circulate from the liver to the intestine by the bile passages 
and back through the portal \em are lost through the kidney 
m this condition and if any more are formed the amounts that 
are excreted are too small to be detected 

The test usually employed is Hays test Sprinkle a little 
flowers of sulphur on the surface of the urme If bile salts are 
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present the sulphur sinks, owing to the reduction of the surface 
tension of the unne , othemj«5e the sulphur floats 

The presence or ab««nce of bile salts seems to be of httJe 
clmical significance 

Blood in the urine niaj be m such amount as to colour the 
urine bright red, and specimens are not infrequenth met 
uith which appear to contam rather more blood than urine 
Blood m lesser amount darkens the urine and gnes it 
a peculiar “ smokj ” appearance Blood in small traces ma\ 
be present without anj alteration m the appearance of the 
unne 

During menstruation the examination of the unne should be 
avoided owmg to its frequent contammation blood Blood 
maj be foimd m the urme in numerous conditions 

The blood maj come from an\ part of the unnarj tract — 
from a chancre of the penis, from the urethra after injury , from 
the prostatic plexus of veins m enlargement of the pro«tate, 
from the bladder m ca«es of lexical calculus, tubercuIo«i» or 
new growth* from the ureter during the passage of a stone or 
from the kidneys in cases of ncpbntis both m its acute form 
and less comraonlj, m its chronic form, m eclampsia, m calculus, 
tuberculosis, neoplasm, or in paroxjsmal haemoglobmuna 
Among less common causes of hiematuna are bj dronephrosis, 
congenital e^stic kidnej's, kinking of the kidnei oier an 
abnormal renal arten, injuries to the kidne}, and acute 
infections of the unnarj tract The exact site of the hromor 
rhage can usuallj be determmcd by an exammation of the 
hi&torj and physical «igns of the patient together with a further 
examination of the unne, and in cases of difficult} bi a ci'sto 
scopic exammation A further clue to the ongm of the blood 
raa} be obtained by observing the relation of the blood to the 
urme m a sample as it is passed If the niajontj of the blood 
IS passed wuth the first portion of urme, the lia?moiThage is 
probably from the urethra orprostate If the majority is passed 
at the end of micturition, it probabfr conics from the bladder 
If blood and unne are intimateh mixed tliroughout, the 
bleeding maj be of renal ongm 

In addition to the pre'^ce of actual blood in the unne, 
the same coloration max be due to hienioglobin onlj The 
hiemoglobm may be either ©ijluemoglobin or meth'emoglobin 
H-emoglobinurn occurs m black water fexer, and recurrent 
paroxysmal attacks of baemoglobmuna max take phce m 
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apparently healthy mdividoals m this country, particularlj 
after exposure to cold (p 184) 

For red blood corpuscles and hiemoglobin the guaiac reaction 
or a similar test vs commonly used 

The guaiac test Boil 1 inch of urine in a test tube Allow 
to cool 

Add 2 or 3 drops of tmcture of guaiacum A white precipi 
tate forms Pour gently down the aide of the tube 1 meh of 
ozonic ether Allow to stand 

A blue ring appears at the junction of urine and ether if 
blood IS present 

This test vs a fairlj dehcate one for the presence of blood or 
hasmoglobm It is given also by the urme of a patient who 
13 taking iodides In the presence of pus m any quantity a 
greenish blue ring is given Since the test is not infallible, and 
may be given by either blood or h»moglobm and may not be 
gi\en m the presence of small quantities of blood the urine 
should alimys be examined microscopically as described under 
“ deposits ’ 

If insufficient red corpuscles are found, to account for the 
colour of the urine or the depth of the guaiac reaction, it is 
necessary to examine the urine spectroscopically to make sure 
that the pigment is hemoglobin or methemoglobm A small 
direct vision spectroscope can be used and the urine, if deeply 
tinged, should be diluted with viater When methemoglobm 
IS present the band of metheraoglobm is seen in the red , the 
bands of oxyhemoglobm are usually present al=o If the band 
m the red alone is present add some sohd sodium bydrosulphite 
and shake , the band is replaced by the band of reduced 
hsemoglobm 



CHAPTER X'V 

ROUTINE EXAMINATION (con/iJiyfrf)~DEPOSITS 
ORGANISED URINARY DEPOSITS 

The examination of tuinan deposits vntb the microscope is 
more important and mote neglected than almost anj^ other 
laboraton mvestigation The student working m the wards 
IS more concerned and tightlj, with the phj-sicaj signs and 
s\raptoms of the patient , consequent!} he prefer* to content 
himself with a* note of the naked'e}e appearance of a deposit 
or at the most with a rough chemical test The recognition 
of the ranous formed elements which ma} be present m the 
urme requires some practice, and this is more contenientl} 
acquiredina laboratory than in the words The timeaiailable 
m the wards is Imut^, and the ward microscope, houever 
excellent an instrument it ma} hare been m its youth is apt 
to reflect more light from its brass work than it admits through 
Its lenses Fortunately for those students and practitioners 
who hare been unable to avail thernselres of a laborator} 
course an acquamtance uitfa unnaiy deposits i'? fairl} readilj 
acquired without personal mstniction The depo'»it3 particu 
larly lend thernselres to accurate reproduction bj thagram 
and are among the mmorit\ of pathological objects which can 
be recogni'sed bj reference to a plate An attempt is mide 
here to describe and so far as possible illustrate such deposits 
as are likelj to be met with m the unne 

If a considerable deposit is present m the specimen gla«s do 
not centrifuge Draw up a portion of the deposit m a pipette 
If the deposit IS scanty or absent wash out tlioroughly two 
centrifuge tubes Shake up the bottom portion of the specimen 
after carefuUj pouring off tho supernatant fluid Fill the 
centrifuge tubes with unne and centnftigo for a few minutes 
at a moderate speed Do not stop the centrifuge after turning 
off the pow er but allow it to run down Rerao% e the tube* 
and make use of the one that contains the more deposit 
Turn the tube upside down the bulk of the deposit will 



BLOOD pas 


295 


remain m the last drop which, will not fall out Prepare a 
clean slide and cover glass Shake out a drop of the urine 
containing the deposit on the centre of the slide Let down a 
coier gla$$ on the sbde If the right amount of deposit is 
taken there will be no air bubbles and the urine will not spread 
over the shde beyond the cover glass Evamme with the 
microscope vertical and the diaphragm partly closed Use 
both a I inch and a ^ inch objective 

Blood Red blood corpuscles are recognised under the 
higher objective bj their shapie sire and colour The size and 
shape are not infrequentij altered by crenation the colour is 
^ ery distmctive With practice a smgle red cell can be recog 
nised with certainty The objects most frequently confounded 
with red blood corpuscles are oil globules and ammonium 
urate spheres Oil globules are often seen m the deposits of 
catheter specimens and are derived from the lubncant used 
for the catheter They are more circular than red cells and 
of verj varymg sizes from circles smaller than red cells to 
obvious large globules They are jellowish in colour but of a 
different tint from the corpuscles Uric acid crystals mislead 
onlj by their colour they can be recognised by thexr regular 
outlmes and crystalline shape 

Should there be any doubt as to the nature of the corpuscles 
a dim preparation should be made and stamed with Leishman s 
stain 

Blood may also appear m the urme as a contamination 
from some other part of the body and m cases of doubt 
particularly m specimens obtained from women a catheter 
specimen should be examined 

The presence of blood in the urine will probably have been 
confirmed by the guaiac test or by the spectroscope The 
amount of blood which can be detected by the microscope 
may be so small as to escape observation by the other tests 

In all cases of hsematuna an estimate should be made of 
the relatii e proportions of red cells and hfemoglobin present 
There is no difficulty m this If sufficient blood is present 
to colour the urme obviously a veiy large number of red cells 
will be present m the deposit In cases of hfemoglobmuria 
red cells will be almost entirely absent and broken up into 
granular masses often in the ^ape of casts 

Pus (Plate X ) Pus corpuscles are phagocytic cells and as 
such consist of polymorphonuclear neutrophils with occasional 
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large hyaline cells and epithelial ecu'* The corpuscles ma^ be 
more or less degenerateil but the majontj of cells m most 
samples of pus are perfeetlj well formed and normal in appear 
ance There is no actual dividing line between i pohmorpho 
nuclear cell and a pus corpuscle If pol^ morpbonuclear cells 
are sufficiently numerous to produce a n'iked-e3e deposit pus 
IS present If few cells are found the process is the same and 
the difference is one of degree only 

Urmes containing pus cells in large numbers give a greem«h 
colour with the guaiac test but the microscope is the only 
accurate method of detecting pus The performance of the 
potash test for pus is a waste of time and is not described here 

Pus corpuscles are readily recognised in unstained specimens 
by their size their round shape the commonly bilobed or polv 
morpbonuclear form of their nuclei and by their refraetile 
granular appearance 

\Mien a considerable degree of pyuria is present the pus may 
be partially obscured by the presence of mucus m addition 
The pus in such cases is very viscid and ibfficult to control 
when preparing a microscopic specimen ^\’hen viewed imder 
the microscope the cells are partially hidden xmcler the 

mucus and can only be seen by careful focussing Sucli 
specimens floated m water may re«emble membranes in 
appearance and may hav e the sbaj[» of the bladder or urethra 
Prostatic casts are of «5inular composition 

In cases of doubt a thin film should be spread on a slide 
with a platinum wire dried stained for 3 minutes with carbol 
thionin washed in water blotted drv and evammed with an 
immersion lens or even with a J inch objective after mounting 
m Canada balsam The polymorphonuclear cel]« are often 
somewhat shrunken m such specimens but are perfectly 
recognisable and in addition any bacteria w hich may be present 
can be noted 

It is occasionally necessary to determine if a urine which 
contains blood has pus present in addition since iioliinorpho 
nuclear cells are necessarily found when the blee<lmg his 
been free The question is fairlv easily answered by the 
microscopic examination of the deposit In the case of blood 
the a\ erage field of the | mch objectiv e shows large numbers 
of red cells and 1 or at most 2 or 3 lencocvtes If jms is present 
in addition the field will show a dozen or more leucocytes 
among the red cells and fields will be found m which the 
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leucocj tes are gathered m small cli^ters Conversely m cases 
of considerable pyuna occasional red cells ■Hill usuallj be 
detected among the leucocytes 

The presence of ])olj morphonuclear lencocj tes in a unnary 
deposit IS pathological provided that thej came from some part 
of the urmary tract It is essential for the detection of small 
traces of pus in the urine of Homen that a catheter specimen 
should be exaramed In men the pus may come from the 
urethra m cases of gonorrhcea and it is not mfrequent to find 
a few leucocj tes probablj derived from the prostatic urethra 
in the uruie of patients who have had gonorrhcea manj jears 
previously The pus in such cases may or may not be due to 
the actual presence of gonococci The pus cells are frequently 
imited by mucus into long thread bke processes visible to 
the naked ey e and knonn as prostatic threads The^e threads 
are most often present m the first specimen of urme passed m 
the morning and may be seen best after massage of the prostate 
Epithelium (Plate X ) Epithelial cells are commonly 
present m the urme and m deposits taken from the urme of 
female patients are as a ntle very abundant Epithelial cells 
m the urme have no pathological significance but must be 
recognised smce they are apt to be mistaken for pus corpuscles 
or e\en portions of new growth 
Epithehal cells may be recognised by their size being 
commonly much larger than the poly morphonuclear cells by 
theirshape which is rarely round by the absence of granularity 
and by their smgle central nucleus They cannot be distm 
guished from the smgle cells of a neoplasm 

Epithelial cells differ considerably in shape and size and 
the student is commonly asked to recognise from the nature 
of the cell that portion of the urmary tract from w hich it is 
deria ed We are by no means convmced that this is possible 
The commonest form of epithelial cell is a very large angular 
cell of the squamous type It is the predominant cell m the 
urme of women and may be entirely derived from the \agma 
Smaller pear shaped and tailed cells are often predominant in 
uretenc specimens and less commonly small round cells which 
closely resemble poly morphimucleais but differ from them m 
having a round nucleus Such cells are presumably derived 
from the ureter or pelvis of the kidney The uretenc Iming 
IS very friable and readily damaged and specimens obtained b\ 
uretenc cathetensation are frequently grossly contaminated by 
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blood It 13 onl\ m >ery skilled hands that epithelial ecll- 
only are rubbed off in normal ca*;es, and the^e are commonlv 
present m abundance and have to be carefulK dl^tlngul<^he(^ 
from pus corpuscles 

New growths In descriptions of the methods of diagno'ing 
neu gron ths of the bladder or kidnev the detection of particles 
of growth m the unne or in the eae of the catheter hold^ a 
time honoured place It is perfectly reasonable to look for 
such particles but it is extremely xareli that one is able to 
identify them The recognition of a smgle cell or even a email 
cluster of ceUs from a neoplasm is qmte impossible The more 
sobd fragments m such unnes nearh alnavs turn out to he 
blood clots Praginents of growth ma\ , if present be recog 
ni«ed after teasmg out if necessary , and flattening m a drop 
of salt solution between a slide and cover sbp -V drop of 
dilute raethjiene blue mar be alloneil to run under the cover 
slip if desired for stammg purposes Defimte v illus like 
papiUarj processes lined with epithelium can only come from 
a neoplasm Such processes have to be distmgm«hed from 
particles of pus and epithebalcellsbound together by "mucus ' 
Pus of thu de'cnption presents an undulating outUne hut no 
regular processes 4ctuil naked-eve fragments of a jiapilloraa 
or caremoraa are in cases of doubt preferably fited and 
sectioned The distinction between a simple and a milignant 
growth in such chance particles mav be impossible 

Faecal elements Fs?cal elements mav be present in the 
unne particularlj of female patients as a contammation The 
student on esammmg the unnarj deposit of a catheter 
specimen and bemg confronted with striated inu-cle fibre', 
maj be puzzled to account for them Stnated muscle fibres 
are vellow m colour, and show more or less clearlv the trans 
verse striping Thev are quite unmistakable and in a catheter 
specimen are definite evidence of abnormal communication 
tetween bladder and mtestme The most common cause of 
such communication ii> a recto vesicaJ fistuia which mav fir-t 
attract attention b\ the production of a cj-stitL- If mu«cle 
fibres are absent, vegetable fibres maj be reeogm-ed bv their 
shape and spiral appearance and in the absence of thew; 
elements frccal contamination can be mferred onlt from the 
smell and the general heterogeneous appearance of the deposit 

Casts {Plate X ) Casts are among the mo-t important 
of the formed elements m the unne If casts are present m 
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any numbers and of certam varieties we can be satisfied that 
some form of nephritis is pre«»ent and can sometimes determine 
which form Tube casts are products of the cells linmg the 
renal tubules, and their permanent form and outlme are 
probablj due to the fact that they have been formed in the 
tubules and ha\e remained some time tn situ If the tubular 
epithehum is normal and the renal tubules are properly patent, 
no deposition of casts can take place The presence of tubular 
casts m the urine is consequently evidence of renal disease 
Casts vary greatly m size and to a less extent m shape A 
cast of average size is just recognisable under a | inch objective, 
and when onlj a few casts are present they are best searched 
for with this power A ^ mcb objective is necessary for their 
verification, and should always be used m addition Casts are 
recognised by the nature of their contents which will be 
subsequently described, but particularly by their shape and 
their definite outlme In shape casts are long and more or 
less narrow cyhnders with rounded ends Occasionally one 
end 15 rounded the other ragged as if fractured A cast has a 
clear out and sharply defined outlme The limitmg edge of 
the cast distinguishes it from the only objects that could 
reasonably be mistaken for it Amorphous urates, and less 
commonly amorphous phosphates, may be found in little 
masses, which exactly resemble casts in shape and for the 
reason m some cases that they are probably formed m the 
renal tubules Such uratic casts are distmguished m a careful 
exammation by the comparative irregularity of their edges 
and the absence of a definite outline Casts on the whole are 
remarkably like the representations of them in many text 
books, and if the beginner sees a well formed cast he almost 
always recognises it The chief objects that may be mistaken 
for casts are the aggregations of urates already mentioned, 
hairs, and wool, cotton fibres, rolled up epithelial cells and 
especially cylindroids Hair and wool can usually be cbstin- 
gmshed by their transverse imbrications, and cotton by its 
longitudinal stnations If the student is m doubt as to whether 
the object he sees is a cast or not, it may be anythmg from an 
epithehal cell to a scratch on the glass, but it is very rarely a 
cast 

Casts are of several varieties, each of which has a somewhat 
different significance The casts are divided according to their 
structure mto cellular, granular, and amorphous varieties 
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Cellular casts ire further Bubdivuled according to the nature 
of the cells present into cpithelnl er^throcjtic, and leiieocvtic 
casts Epithelial cists contain the mononucleir cells of the 
shed renil epithelium Tlie epithelial cells mii be more or 
less degenerated, and their nuclei inaj be ab'^ent Some cells 
maj appear vacuolited, others granular Some niaj contain 
globules of fat The east maj be entirelv filled «ifh cell'’ 
or may be partlj h} aline Erythrocytic casts are readil\ 
identified and may consist of casts packed uith obvious and 
undegenerated red cells Some casts mi\ contain both red 
cells and epithebal cells and the red cells may be more or less 
broken up These casts are similarly found m acute nephritis 
and particularly in the acute stages Free red cells are alwiys 
present in the urine in addition Leucocytic casts, that is 
casts which contain polymorphonuclear neutrophils, are not 
commonly met with They may be found in septic conditions 
of the kidney, such as “ suigical ” or “ consecutive ” nepliriti* 
A feu polymorphonuclear cells are nearly always present in 
addition to the casts m a case of acute nephritis, and a few 
degenerated epithelial celb are also seen lying free 

Granular casts are casts which contain no formed eJenients 
other than fine or more rarely coir<e, granules Granular 
casts are perhaps the most common variety seen and usually 
predommate in chronic parenchymatous nephritis as well as 
in acute nephritis after the first few davs of the cbseiio The 
majority of granular casts are probably derived m the same 
way as the epithelial casts and differ only in repre«entmg a 
later stage in the cells which have now undergone complete 
granular degeneration In the terminal stages of nephritis a 
lirge opaque dark cast is often found Granular casts may le«s 
frequently arise from a gnnulnr change in the amorphous form*! 

Amorphous casts The commonest variety of amorphous 
cast IS the hyaline cast This vanes considerably in size 
but IS usually smaller than the granular cist Tlie content of 
the cast is as a rule quite structureless and almost entirelv 
transparent These casts may escape observition unless tlio 
light reflected through the preparation is reiluced to a 
minimum Hyaline casts may be found in every form of 
neplmtis, and mav be the only variety pre^’cnt m ca«c3 of 
chrome mterstitial nephritis and kidney damage in liyperpic-’ia 
Very occasionally a cast of this kind may be found m the 
urine of an apparenth healthy person 
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Colloid casts are Hrger and more opaque than hyahne casts 
They are found particularly m nephrosis 

Amyloid casts, consistmg of amyloid, are said to occur m 
the urine in amjloid degeneration of the kidnejs They are 
very rarelj found 

Cylmdroids are long pale ribbon like bodies consisting of 
mucus showing fine longitudinal stnation, usually tapermg, 
and often frayed out at the ends They are found particularly 
in inflammations of the urmary tract They may be covered 
with granules (urates bacteria crystals cells, etc ) in which 
case they may resemble granular casts 

Spermatozoa (Plate X ) are occasionally found in the urine, 
and should be readily recognised by their shape The long, 
thm and tapermg tail with the promment oval head, are 
quite unmistakable Spermatozoa in the urme may show 
active moaement even in a specimen which has been standing 
for some time Spermatozoa are readily stamed by the ordinary 
dyes such as carbol thionin 

Bacteria may be seen m unnary deposits with the ^ mch 
objective No significance should be attached to their presence 
except in freshly passed urme or urme collected with aseptic 
precautions 

Animal parasites are nob commonly met with m the urme 
of patients in this country Occasionally the common thread 
worm (Oxyurts i,ermiculans) or its ova may be found in the 
unno of little girls The only parasitic infection of the urmary 
tract at all commonly met with is that of Schistosoma 
hccmatobium In cases of baematuria coming from tropical 
or sub tropical climates such as Egypt or parts of South 
Africa where this parasite is numerous its presence should 
always be suspected Infection of the bladder by schistosoma 
is recognised w ith certainty by the detection of the 
characteristic o\a in the urine When hematuria is present 
the ova are generally numerous and they may persist for 
many months arter resnfence m an oilfecCeii cfistrrct A speci 
men of the luuiary deposit should be put up in the oidmary 
way, and the ova can readily be seen with the low power of 
the microscope and the details of the contamed embryo can 
often be made out on using the J mch objective If the ova 
are very scanty the patient should be told to empty his bladder, 
and then to pass the last few drops of urme evacuated by 
active straining into another receptacle The ova are large 
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oval bodies •with a definite capsule terminating m a smgle 
sharp, short spine uhich is quite characteristic Within the 
ovum can often be seen a coiled, ciliated embrjo which may 
•ahoM active movement If fresh uater is added to the iinne 
the embrjo may burst its ws\ out of the onim and swim 
about freelj 

UNORGANISED URINARY DEPOSITS 

^Vhde the greater niunber of the organised nnnar> deposits 
are onlj present in the unne as the re'oilt of di'sea'^e the 
majontj of the unorganised deposits are not necessarily of 
am pathological import The detection of a crystallme or 
non-crjstalline substance in the urme is no evidence that it is 
bemg excreted m excess The only conclusion that can be 
draivn is, that the sample of unne on cooling and standing is 
unable to contam the substance m solution The majority of 
normal unnes and almost all concentrated urmes form some 
deposit on standing Tho«e unnes from which no deposit can 
be ohtamed, even after standing and centrifuging, are nearly 
aluajs denved from ca«cs of polyuria The detection of imc 
acid or calcium oxalate crystals in the unne of a patient uith 
renal symiptoms is very little evidence that a calculus of similir 
composition will be found m the kidney 

The more important of the unorganisetl deposits are most 
convementlv classed into tho*=« found in acid and tho'^e found 
in alkahne urme , this assists memory , as there are five in 
each group 

In Acid Urine 

Urales (Plate XI ) which con'^Lst mamly of acid sodium 
urate are amorphous brown or pmk soluble on m arming 
The\ are very common and occur in large amounts m the urme 
of patient*! with heart failure and feven , nl*© m the unne 
of healthy persons '^ho have sweated profu«el\ e'lpecially if 
the urme gets very cold on standing A concentrated highly 
acid urme m a specimen glass may throw down seieril mches 
of urates 

Vnc acid (Plate Xll ) appears as crystals which are usually 
coloured y ellow or brown are soluble in sodium hy droxide, and 
reprecipitated by hydrochloric acid The forms assumed by 
the crystals are very vaned , the whetstone shape as shown 
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in the figure is one of the most common , rhombic pnsms, 
wedges, rosettes, dumb bells, butcher’s trays are also common 
Not uncommon is the deposition of uric acid m granules visible 
to the naked eje and the colour of cayenne pepper These 
granules, if passed m considerable amount, are referred to by 
the patient as ‘ g^a^ el ” They consist of clusters of crystals 
resembhng rock candy Colourless crystals of uric acid are 
described, but one of the forms figured in books is really rye 
starch Unc acid crj stals dissolve on warmmg w ith sodium 
hj dioxide 

Deposits of uric acid occur m much the same conditions as 
do deposits of amorphous urates 

Calcium oxalate (Plate XI ) occurs in small clear colourless 
Qctohedral crystals with an envelope appearance, also in 
dumb bells Usually the crystals are only just visible under 
the I inch objective, and the i inch is required for identifica- 
tion , they are msoluble m acetic, but readily soluble m 
hjdrochlonc acid Although more commonly found m acid 
urine, they may occur m alkaline These crystals are common 
m perfectly normal urine , larger numbers occur after taking 
certain fruits and vegetables particularly rhubarb 

Stellar phosphatea (Plate XI ) (calcium hydrogen phosphate) 
are found m nearly neutral urine , thej are readily "oluble m 
acids The crj stals are clear and colourless , most commonly 
they form long, narrow flat prj'»ms which are frequently, 
collected together m bimches or rosettes Less often 
the crystals may be fine and feathery and collected into 
tufts 

Cystine (Plate XI ) is found as colourless hexagonal crystals, 
which have clearly cut straight sides , the sides may be 
imequal but the angles arc those of a regular hexagon The 
crystals are insoluble in acetic acid and ether soluble in 
by drochlonc acid and m ammoma and other alkalies , the 
crystals do not occur m alkalme unne They are very rarely 
met with, 6ut are incfutfeJ m tAis fei, owing to their chnicai’ 
importance, as their occurrence may be the sole evidence of a 
rare congenital abnormality, cystinuria This condition would 
be of theoretical interest only were it not that the cystme may 
form calculi m tlie kidney and bladder 

To examme an alkalme unne for cystme, make acid w ith 
acetic acid, allow to stand overnight, and examine the 
deposit. 
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In ADokne Unne 

Ammonium urale (PJaie XI) forms a ^ellon or bromiish 
deposit, soluble on warming Under the microscope the 
deposit m-ij be amorphous or m granules visible imder the 
I mch objective, of irreguKr shape, with one or more spinous 
processes (thorn apple) This deposit is common in concen- 
trated alkalme urmes 

Amorphous phosphates (calcium and magne-ium phosphate) 
form a white amorphous deposit, soluble in acids This deposit 
cannot be di«;tingui''hcd from pus, with which it i® often mixed, 
by naked-ej e exammition , under the microscope it is seen to 
consist of w Kite amorphous granules 

Tnple phosphates (Plate XI ) (arajnomum magnesium 
phosphate) form clear, colourless crjstals, visible with the 
§ inch objective, and sometimes with the naked eje , soluble 
in acids The crystals assume various forms , it is usuallv 
easy to find the typical " kmfe rest ” forms shown m the 
figure AH alkaline unnes dejKisit amorphous or triple 
phosphates, unless thej are deficient m calcium, magnesium, 
or phosphates , the presence of these deposits has no 
significance other than that of an alkaline unne 

Stellar phosphates also occur in famtiy alkaline urme 

Cakium carbonate forms a white depo«it which maj be 
amorphous or crystalline, the crystals haxmg the shape of 
dumb bells It di<«olves in acid with an effervescence, which 
(Iistmguishes xt from amorphous phosphate, with which it is 
often mixed. It occurs chiefly in the unne of herbivora, but 
aleo m stale and verjr alkaline human unne 

Besides the«e more common deposits the foUowmg maj be 
mentioned — 

Tyrosine (Plate X ) may occur together with leucine as a 
deposit m the mine m atropliv of the liver , but the«e two 
deposits are not common even m this condition TjTosine is 
less soluble than leucmc and separates out more readilj , it 
forms brush like tufts of fine ne^Ics, w Inch lire colourless or 
greenish yellow and are soluble m ammonia and hydrochloric 
acid msoluble m acetic acid 

Leucine crystals take the form of yellow spheroids, which 
show both radial and conccntnc striation Leucmc is readily 
solubife m acids and alkabes 

Muan is not the common deposit m urines that the exaniina 
tion of ca«e sheets would lead one to beheie One of the 
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deposits most commonly miscilled mticin is a haze of bacteria 
The occurrence of muem is descnbed m the next chapter 

Foreign Bodies in Urinary Deposits 
A complete list of the adaentitious material a Inch may be 
foimd in the urine would n\al the well known list of foreign 
bodies met w ith m the vagma though there is no record of a 
bust of Napoleon in T. specimen glass Patients may however 
deposit almost an j available object in the urme The follow mg 
include some of the more common adventitious objects w hich 
may be puzzling to the student 

Marks on iht coier-glass have been frequently and earnestly 
scnitmised with a \iew to interpretation and the mistake is 
easily made If the co\ er glass is not scrupulously clean and 
it IS difficult to make it so or if it is scratched the dust and 
scratches on its surface are the objects first seen on focussmg 
the objectue down The scratches may assume fantastic 
shapes and may even remotely resemble casts while the 
surrounding dust is mistaken for the urmary debris The 
mistake is at once rectified by continuing to focus down until 
the actual urmary deposit comes into \ lew Scratches on the 
slide itself may of course be simdarly mistaken for urmary 
contents and have to be differentiated by their shape and 
appearance They present no real difficulty 
Air bubbles should not be present in a carefully put up 
sample of deposit still they sometimes occur They are 
circular in form imless compressed They are recogmsed by 
their broad dark and often double outlmes and their clear 
shimng centres 

Oil globules may occur m disease but are more frequently 
present as a foreign body in catheter specimens They are 
recogmsed by their circular form their vanabihty in size their 
sharp margms and refractUe centres They turn black on 
addmg osraic acid 

StdrcA granuCes are &ir/y rt«quen<fy found m the urine 
particularly of children their source bemg the dustmg pow der 
used They turn blue on the addition of iodine 

Snlpl ur granules are occasionally found m the deposit of 
urine w hich has been subjected to the sulphur test for bile salts 
The granules appear as dark irregular clumps of crystalline 
bodies 

Hairs are commonly present in the specimen glass and are 
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usually prettj obvious to the naked e\e Tliev are as a rule 
pigmented and their structure becomes more obvious on the 
addition of caustic soda 

Fxbrea of cotton or linen are vei^ commonh met with, and 
are usually derived from the cloth used m cleaning the specimen 
glass Thej are neoessanlj of variable si 2 e and shape but are 
all more or less cjlindncal and twisted, and usuailj Ime 
frajedends The only pathological objects for which the\ can 
be mistaken are casts, and the resemblance is not pirticuJarh 
close 
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FURTHER EXAMINATION— QUANTITATIVE METHODS 
Abnormal Pigments 

Urobilin and its colourless chromogen urobthnogen are 
derived from the reduced bilirubm (stercobUin) m the intestme, 
«ome of which is absorbed Normally most of this urobilm is 
re-excreted by the liver and only a small amount reaches the 
kidnejs and appears in the urme mainly as urobilinogen 
Abnormally large amoimts of the pigment and its chromogen 
may be parsed m the urme This mcrease may follow an 
excessive destruction of red cells, as m pernicious aniemia, 
leading to an excessive excretion of bilmibm mto the intestine 
with increased absoqition, or there may be failure of excretion, 
as in diseases of the liver The abnormal excretion m fevers is 
probably due to liver damage 

Increased amounts of urobilm gi\e to the urme a rather more 
pink shade of orange than does mere concentration 

If urobilm and urobilmogen are present m considerable 
excess the absorption band at the junction of the green and 
blue can be seen with a direct vision spectroscope, after the 
addition of 3 drops of tmcture of lodme to 10 c c of unne to 
convert the urobilmogen present into urobilm (Fig 7) 
Normal unne shows no bands, but a general darkenmg of the 
violet end of the spectrum 

A more delicate test for urobilm and urobilmogen is per 
formed as follow s Add lodme to the unne as before, and if 
the urme is alkaline make slightly acid w ith acetic acid In 
another test tube shake 1 gram of amc acetate with 10 c c of 
absolute alcohol Pour the urme into this second test tube 
and pour the mixture from one tube to another until most of 
the zmc acetate has dissolved , filter into another test tube 
and examine against a dark background w ith the light fallmg 
from behind A green fluorescence occurs if urobilm or 
urobilmogen is present and the fluid is pinkish by transmitted 
bgbt , with normal urines the fluorescence is ^ ery famt 
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Vroerytkrtn a pmk pigmrat ts very commonl} absorbed 
on deposits of nrates m urme It has been said to indicate 
derangement of the Iirer but is ren common in the unnes of 
health} persons On adding sodium hvdrate to the deposit 
the pigment turns green I eij oecasional]} urines are coloured 
throughout ^\ith uroervthnn nhich ma^ be recognise 1 b\ the 
fact that it turns green on adding alhali 

Untreated unnes pigmented with titdiyo blue ha\e been 
descnbetl but are very rare 

i^Indican (indoxj 1 hj drogen sulphate) occurs in most urines 
It IS colourless but \\ ith strong acids containuig weak oxidising 
agents forms indigo blue and mdigo red Indican in urine can 
be demonstrated as follows — 

Measure o c c of urme into a test tube and add ’ice of 
strong h\ drochlonc acid to which just sufRcient feme chloride 
solution has been added to give it a faint x allow tinge Let 
stand half an hour add o c c of chloroform and extract bx 
mverting cautiouslj ten times If indican is present m the 
urine the chloroform is coloured blue 
As might be expected concentrated unnes usuallx give 
strong indican reactions allowance can be made for this bj 
alwaxs using for the test of the total 24 hours urine 

The test has been regarded as a measure of mtcgtinftl put »* 
faction but no convinc ing proof of this has been brought 
focpard 

broroietn is a red pigment formed from a colourle?^? 
chromogen xxhen urine is heated xvith strong h} drochlonc acid 
It js insoluble in chloroforni soluble in omj I alcohol andgnes 
an absorption band in the green The colourless chromogen 
IS present in most unnes the occurrence of the pigment readv 
formed in urine has been described but is at anj rate extremelv 
rare 

Homogentisic acxd is found m unne in the rare congenital 
condition alkaptonuria The unne has a normal colour when 
passed but turns brown to black on standing particular!} if the 
urme becomes alkaline Homogentisic acid reduces Fehling s 
solution producing a }eIIow to brown colour throughout the 
fluid wath little deposit it gives a staking transient blue 
colour on the addition of feme chloriile solution 

Carboluna ma} occur in an} xanety of carbolic acid 
poisonmg Mith susceptible patients the absorption of a 
ver} small quantit} of carbolic acid such as takes place after 
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the application of a carbolic cap ’ to the head maj lead to 
the production of carboluna The patient inaj shou little or 
no symptoms The urine becomes considerably darker on 
standing or after the addition of nitnc acid and m uell 
marked cases is of a distmctive greenish blue colour This 
colour and the evidence of exposure to carbolic acid helps to 
distinguish the unne from that of melaninuria The pigments 
produced m the urine bj carbolic poisonmg are chemically 
similar to those of alkaptonuria Fehling s solution may be 
reduced 

Melamnuna is a rare condition which maj be found in 
patients mth melanotic sarcomata and occasionallj with non 
malignant pigmented papillomata of the skin The urme as 
a rule is dark when passed but becomes considers blj darker 
on exposure to the air The addition of a few drops of nitric 
acid or bromine water causes immediate blackening of the 
urme ^o reduction of Fehlmg s solution is produced and no 
reaction with the guaiac test No absorption bands are 
seen with the spectroscope A dark urme which fulfils 
these conditions in all probabihty contains melanin but 
there is no simple and satisfactory direct test for this 
substance 

HoematopcTphyrtn or an allied pigment is present m normal 
urine but only in very small amount a slight increase maj 
occur m various diseases 

Great increase causmg a change in the colour of the urme 
occurs as an acute condition id poisonmg w ith sulphonal and 
alhed drugs from this cause large numbers of cases ha^e 
occurred m lunatic asylums Unless the condition is recognised 
at once and the sulphonal stopped death is hkeiy to result 
Acute ca«es also occur where no drug can be incriminated 
HsematoporphjTinuria also occurs verj rarely as a chronic 
condition apparentlj congenital these cases are particularly 
liable to hjdroa sestivale 

The pigment in cases m which large amounts are present 
m the unne differs m composition from hsematoporphjTin as 
usually prepared from haimoglobm ^Vhen the pigment is m 
great excess in unne it may be recognised by direct exammation 
with a spectroscope the spectrum is the same as that of 
alkalme hamatoporphyrm (F^ 7) i e four bands one 
between C and D one at D one just on the red side of E and a 
broad band between the green and the blue If the spectrum 
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IS not clearly obtained the pigment should be extracted, before 
exammation, as follows — 

To 500 c c of urine add 6 c c of 40 per cent caustic soda 
Allow the deposit of pho’jphates on which the pigment is 
absorbed to settle Decant the supernatant bqiud, wa«b the 
precipitate with water on a filter paper, extract w ith alcohol 
acidified with h> drocblonc acid and examine sp«?troscopical]j 
The pigment will then give the spectrum of acid h'ematopor 
phynn — a narrow band m the orange near the D Ime, and a 
broad hand m the yellow 

If a «!atisfactorj precipitate is not obtamed on adding NaOH, 
dissolve 0 5 gram of calcium cblonde and of acid sodium 
phosphate in separate test tubes and add to the alkaline urine, 
stimng meanwhile 

Urmea contammg this pigment do not reduce Fehhng’& 
solution nor give the guaiac reaction 

Meihyleni'blue taken by the mouth, or given hvpodermically, 
leads to the production of a remarkable bright green (not 
blue) unne The coloration of the urme maj persist for several 
days after taking the drug, and la quite harmle^^ The mental 
shock to a neurotic patient on passing bright green water maj, 
however, be considerable 

Eo«tn has been exten«tvel} u«ed as a colouring matter for 
cheap sweets, and a cxurioush dicliroic unne maj result The 
tmt of the unne is exactU that of a dilute solution of eosm and 
IS ea«il} recognised 

Among other sub'dancea santonin maj produce a greemsh 
unne, and rhubarb or senna a reddish brown coloration 
Besorctn used as an ointment maj lead to a striking greenish 
coloration of the unne 

After takmg pyramtdon a clieny red colour, w Inch becomes 
deeper on standmg maj appear m the urmo 

Phenoiphihahxn may be admmi'^tered as a laxative It gives 
a red colour to unne if this is sufficiently alkaline The colour 
disafpfters as scidiSysBg latd on rfsaiivg with ctlxcr, as the 
ether extracts the phenolphthalem m the colourless form 

Proteins 

The proteins w unne usually called “albumin” are 
identical with the albumin and globulin of normal serum 
Other proteins may be found m unne 
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Proteoses have been detected m the unne in a vanety of 
conditions Tests for them are unsatisfactoiy, and at present 
no clinical significance can be attached to them 

Bence Jones protein and aUied proteins may be found, but 
are not invariably present, in the urine of patients with multiple 
rajelomata These proteins occur rarelj, if e\er, in an} 
other condition Their common peculiarity lies in coagulating 
at a louer temperature (about 65®) than the usual coagulable 
proteins of urine Typical Bence Jones protein also has the 
striking property of gomg into solution agam at about 100°, 
if the concentration of salts in the urine is suitable, as is 
usually the case Allied proteins instead of re dissolving, form 
a rubber like mass when the urme is brought to the boil, very 
different from the coagulura formed fay albumm and globulm 
To test urme for these proteins take 10 e c of urme, made 
slightly acid with acetic acid m a test tube , add 1 c c of 7 per 
cent calcium chloride, place a thermometer in th? test tube 
and stand the tube m a beaker of water Heat the water 
slowl} and note the temperature at which the protein begms to 
coagulate If this is under 60°, the protein is probably one of 
the Bence Jones group This will be confirmed by the solution 
of the protem or formation of a rubbery mass when the water 
IS brought to boilmg 

Hydrochloric acid added to the unne produces a precipitate, 
even when only small quantities of these proteins are present , 
the precipitate dissolves completely on warmmg 

Bence Jones protem is frequentlj spoken of as an albumose, 
but it more closely resembles a globulm 

Mucin appears in the unne with inflammation of the urinary 
tract and more particularly from containmation with mucin 
from the vagina or prostate It forms a cloud at the bottom 
of the glass is precipitated by acetic acid as a stringy mass, 
insoluble m excess and is not coagulated by boilmg 

A uchoproteins appear m small quantities m the urme mainly 
from the breakdown of leucocytes , thej are coagulated by 
boiling, but may be distinguished from albumm and globulm 
by the fact that thej give with acetic acid m the cold a 
precipitate soluble in excess 

Cystine If a patient is suspected of cystmuna, but no 
crystals are found m the urme the foUowmg test may be tried 
To 3 c c of urme add 2 c c of 4 per cent sodium cyanide 
solution Stand 5 mmutes and add a few drops of 6 per cent 
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sodium nitropnisside solution A stable raigenta colour 
appears to indicate the pre^nce of an abnormal sulphur 
compound not necessarily free c}«tm Creatm and acetone 
give onlj very famt colours 


Further Investigation of Reducing Substances 

Glucose appears m the unne when the blood «!ugar i^i raided or 
vhen the renal thrediold is abnormally low (renal gI\co«uni ) , 
the distmction betneen the<5e conditions is given later (p 364) 
Temporary gljcosuna of the first f^Tie maj be produced by 
morphia and anaesthetic'* 

The amount of gluco«e found in the unne m true diabetes 
melhtus vanes greatlj with treatment , in imtreated ca«es 200 
or 300 grams maj be passed m 24 hours, and the concentration 
ma^ be as high as 12 per cent In renal gljcosuna the amount 
passed is never large, so that the concentrition found m unne 
IS not more than about 1 per cent 
The following are the chief reducing substances other than 
glucose that may be found m unne 
Latvlost occurs in the unne after large do‘*es of )'BVulo’»e, and 
m small quantities t<^€ther with gluco-e, in some eases of 
diabetes melhtus and renal gI^co«una Laivulose is fermented 
by veast and its osazone is identical nith that of glucose , tho 
presence of Iserulose m unne can be detected bj SeUtanqff s 
TtacUon 

Sehvanoff s reagent Dissolve 0 05 gram of resorcinol in 
100 c c of concentrated hydrochloric acid and dilute -nith 
100 cc of distilled water ToScc of the reagent add a feiv 
drops of the urine and heit If Inevulose is present a red 
colour and red precipitate appear The precipitate dissolves 
m alcohol giving a red solution 
A red colour is al«o given by glucose after long boiling 
but a precipitate is not formed 
Lactose occurs in the unne of pregnant and of lactating 
women, especially if they are not suckling their babies in 
amounts up to about 1 per cent Hiere is no convenient lc«t 
for lactose , its osazone, n hen obtamcil in a cry stalhne form, 
appears as needles radiating from the centre of a sphere, 
lookmg rather like the head of a chry santhemum Lacto«e is 
not fermented by y ea«t 

Pentoses. The appearance of these m the unne is the 



REDUCING SUBSTANCES IDENTIFICATION 313 


essential feature of a verj rare congenital abnormality called 
Pentosuria Large quantities are not excreted There is some 
doubt about the actual amounts, owmg to controversy con- 
cemmg the method of estimation, but the result of Fehlmg’s 
test resembles that obtamed uith about 0 5 per cent of glucose 
Pentoses are not fermented bj yeast , their osazones, when 
obtamed, form very fine needles arranged in a felt w ork , the 
presence of pentoses maj be detected by Bial's oranol test 
Bial’s reagent Dissolve 1 gram of orcmol * m 500 c c of 
concentrated hydrochloric acid (specific gravity, 1,151), and 
add 25 drops of 10 per cent feme chloride solution This 
reagent should be kept m an amber bottle 

Boil 5 c c of this reagent m a test tube, remove from the 
flame and run 0 2 c c of the unne from a pipette on to the 
surface of the reagent If pentoses are present a green ring 
appears which spreads through the hqmd on careful shakuig , 
with a spectroscope an absorption band can be seen in the 
j ellow The colour can be extracted with amyl alcohol 

Olycurcnnc acid is normally present m urme in amounts 
insufficient to reduce Fehimg’s solution , increased quantities 
are excreted after the ingestion of phenol denvatives (c g , 
salicylic acid) and camphor The amounts are never large, so 
that the reduction of Fehlmg’s solution is never more than 
that produced by 1 per cent glucose Gljcuronic acid is not 
fermented by yeast , its osazone, if obtamed, resembles those 
of pentoses 

Uomogentisic acid (further discu^d under abnormal pig- 
ments in urme) occurs m unne in the rare congenital 
abnormality alkaptonuria The reduction of Fehbng’s solution 
IS peculiar, the amount of precipitate formed is small, and the 
whole liquid turns a jellowish brovm Horaogentisic acid is 
not fermented by j east and does not give an osazone 

Uric acid in concentrated urmes mxj give a greenish precipi- 
tate with Fehling’s solution It does not reduce Benedict’s 
solution, does not give an osazone, and is not fermented by 
yeast 

Methods of Identification 

^Vhen it is necessary to consider the question left over from 
the last chapter “ What is the reduemg substance m urme * ” 
no help is given by the appearance produced by Fehlmg’s or 
* The word “ orcein ” is used for omnol and for another substance 
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Benedict’s te^ts , except m the of homogenti'sic acid the 
appe^mnce produced depends soleU on the amount of reducing 
substance present, and exen the appearance prculuced bv 
homogentisic acid maj be simulated bj glucose imder special 
circumstances Nor is the multiplication of tests similar 
in principle to Fehling’s of an\ assistance Tuo methods 
commonly used are the appearance of the phem 1-osazone of 
the reducmg substance and the behaviour xnth jeast 

To prepare the asazone, fill a test tube tu o thirds full of 
urme, add as much phenjlhjdmzme hj drochlonde as uiU he 
on a sixpence twice as much sodium acetate, and make strongly 
acid with acetic acid Warm m hot uater and shake until the 
solids have dissolved, then hang in a boilmg water bath for 
half an hour Allow to cool, place a drop of deposit on a slide, 
coxer with a coxer-slip and examine under the low power of 
the microscope If glucose is present m large araoimts (3 per 
cent or more) the osazone usualJj precipitates soon after 
the tube IS removed from the xrater bath, and will be seen to 
have the tj’pical appearance— sheaves of needles (Plate XII ) 
^^^len the amount present is less the precipitation is slower 
and the crystals less t}'pical, forming rosettes or spheres with 
spikes sticking out and mdistinguishable from lactosazone 
(Plate XII ) ^\^lcn the amount of gluco&e present is small 
no osazone max be obtained 

The osazones of the other sugars and gl;j curonic acid are less 
easily obtained, and unc acid does not form an o'wazone The 
test IS chiefly of value when a tj’pical gluco^azone is obtained , 
m this ca«e the reducmg substance roaj be pronounced with 
confidence to be glucose 

The yeast fennentation test is performed as follows Heat 
about 40 c c of urme m a boiling water bath to kill bacteria 
Cool make slightlj acid if necessary, with acetioacid Reserve 
about 10 c c and rub up the rest xntfa a piece, about as big 
as a hazel nut of German jeast, such as can be obtained from 
a baker Place the mixture in a Doreraus ureometer tiilyo so 
as to fill completely the long limb of the tube and about half 
the bulb, and to leave no air bubbles at the top of the tube 
The tube is placed m a warm place, preferably m an meubator 
at 37®, and left It is as well to put up two control tubes one 
containmg yeast and w ater only , smee a small quantity of ga<’ 
may be given off from the yeast , the other containing yeast 
and a glucose solution, to make sure that the yeast is active 
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After 24 hours examine the tube for bubbles of gas, which 
w ill show that fermentation has taken place Filter the con 
tents of the tube and test the filtrate and, for com^arL^on, 
the reserved urine, with Fehhng’s solution If gas has been 
formed and the reducing substance removed, this reducmg 
substance is glucose or iaivulose If the amount of reducmg 
substance maj be insufficient to form a gas bubble the dis 
appearance of the reducmg substance after incubation ma\ 
be considered sufficient evidence that it is glucose or lajvulose 
The other reducing substances enumerated are not fermented 
The Doremus ureometer tube may be replaced by a test tube, 
completely filled and carefully inverted w ith its mouth 
immersed m a beaker of water 

It is often difficult to bo certain whether a reducing 
substance present m small amount m urine is glucose or 
not , the glucose tolerance test is a great help m deciding 
this question 

If glucose IS found in the unne it is still necessary to consider 
whether its presence is due to impairment of the power to 
metabolise carbohjdrates, or to an abnormally low renal 
threshold for glucose (renal gl>cosuna) 

Renal glycosuna may be distinguished from fully developed 
diabetes melhtus b} clinical methods alone, but to distmguish 
it from moderate degrees of impairment of the power to 
metabolise carbohydrates can be done with certainty only 
VTith the aid of blood sugar estimations In all doubtful cases 
of gljcosuna it is advisable to test the power of metabolising 
glucose by a glucose tolerance test (p 364) 


Quantitative Methods 

The composition of the urine to a great extent reflects the 
composition of the diet, so that quantitative estimations of 
many of the substances m the urine are m many cases of no 
VcI^ae, even fop research wori, imi^s the tiiet c? contnyffed, 
quantitatively and qualitatively, more carefully than is 
possible m Engbsb hospitals at any rate The number of 
quantitative estimations that are of value for clinical purposes 
are limited , for most purposes quantitative estimations in the 
blood are much more useful 

When quantitative estimations are made the whole 24 
hours’ urine must be measured in order that the total nmo-nt 
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of the substance** estimated parsed m 24 hours can be calcuLatetl 
Proteins m urine may be e<5timated as follow s — 

Principle The iinne is mixed witli a carbon *tus2’Oi»‘-Jon, 
and carbon and protein arc simultaneou**!) precipitated with 
trichloracetic acid The grejTiess of the precipitate depends 
on the amount of protein present The tone is compared with 
standards 

Required (I) A senes of similar tubes, 3 bj | inch 

(2) Carbon suspension The most convement form is a 
1 m 25 dilution of “ Higgins’ Eternal Ink ” * ui distilled water 

(3) Tnchloracetic acid Di'ssolve 100 grams in the mmiraum 
amount of water and make up to 100 c c 

(4) Standards Solutions are prepared from normal human 
serum, bj ddution, on the assumption that it contains 7 per 
cent of protem The solutions are made to contam 0 10, 0 20, 
0 30 0 50, 0 70, 1 0, I 5 and 2 0 per cent of protem 

One c c of each is mea<«ured into one of a ■'enes of tubes , 
0 1 c c of (2) and 0 I c c of (3) arc added to each, and after 
rigorous sbakmg each is corked and labelled The<e standards 
keep 6 months 

Procedure ileasur© 1 c c of unne mto a tube Add 
0 I c c of (2j and shake Add 0 1 c c of (3) and shake 

ngorouslj Compare the depth of grej with that of the 
standards, and read off the per cent of protem 
Estimation of glucose in unne Smeo the object in the 
modem treatment of diabetes melUtus is to keep the urme 
free from gIuco«e or containing onij traces thereof, the c*itima- 
tion of gIuco«:e m urme is now much less important than it w as 
TS^o methods can be recommended — Gerrard’s and 
Benedict’s 

Gerrard’s Jfei/iod 

Required . Gerrard’s solution Dilute 100 c c of Fehling’s 
solution mth 300 c c of water , boil and run m 5 per cent 
•solution of ■pota<ssium caanide until the blue colour has pist 
gone Cool, and make up to 500 cc with water- Thi-' 
solution will keep several weeks 
Fehlmg’s solution 
10 c c pipette 
25 c c burette 

• Sold Ch&s 51 HijEjns & Co 16 Famngdon London FC 

and 271 JsinthStreet Brooklyn N\^U^A 
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Round-bottomed hard glass flask 

pleasuring cylinder 

Beaker 

Principle Felilmg’s solntion is titrated uith the urme, to 
find the amount that a\iI 1 exactly reduce 10 c c In order that 
the end pomt may not be obscured by cuprous oxide, the 
double cyanide of potassium and copper (Gerrard’s solution), 
uhich dissolves cuprous oxide to form a colourless solution, is 
added 

Procedure If the reduction of Fehbng’s solution in the 
quabtative test « as strong, dilute the urme one tenth in the 
measuring cjhnder , if the reduction uas moderatelj strong, 
dilute one fifth and if weak do not dilute at all Pour the 
urme, if diluted, mto a beaker to mix and fill the burette 
with it 


Run 10 c 0 of Fehhng’s solution mto a round bottomed 
flask add about 30 cc of Gerrard’s solution, stand on a round- 
topped tripod without gauze, and bring to boiling with a naked 
flame Keep boilmg gently and add urine slowly until the blue 
colour completely disappears 

Ten c c of Fehling s solution are reduced by 0 05 gram of 
glucose, so that if x c c of urine diluted one-tenth are required 
to effect the reduction, ar/10 c c of urine contain 0 05 gram, 


and 100 c c contain 0 05 x - 


For the estimation to be accurate, between 8 and 13 co 


should be required for the titration , if the amount used does 
not fall within these bmits, the estimation should be repeated 
w ith the urme diluted less or more than m the first attempt 
If, as tradition stiU dictates, a porcelam dish is used for the 
titration, considerable reoxidation of the cuprous oxide formed 
takes place, so that the figures obtained are too low , the air 
of a flask 18 exjielled by the steam formed, so that re-oxidation 
18 impossible 

It is convenient to hold the burette in the hand w hile actually 
running the urine into the flask 

The amount of glucose passed in 24 hours should always bo 
calculated. 


BenedtcPs Method 

Required , Benedict’s quantitative solution With the aid 
of heat dissolve 200 grams of sodium citrate, 76 grams of 
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anhjdrous sodium carbonate, and 125 grams of potassimn 
thiocj anate m enough distilled water to make about 800 c c 
of the solution , filter and cool Dissolve esactlj 18 grams of 
pure crvstalhne copper sulphate, fmelj ground m about 100 cc 
of distilled water and pour it slowly into the first solution 
u ith constant stirring Add 5 c c of 5 per cent solution of 
potassium fcrrocyanide and make the volume up to 1,000 cc 
with distilled water 
Anhj drous sodium carbonate 
150 c c roimd bottomed hard glass flask 
Principle A hot alkaline solution of copper sulphate is 
titrated uith the unne To preient the precipitation of 
cuprous o\ide which obscures the end pomt, potassium 
thiocjanato is u«ed in making up the copper solution From 
the amount of unne required to reduce a known volume of 
the copper solution the percentage of sugar is calculated 
Procedure Dilute the urine as descnbed imder Gemrd’s 
method Phce 3 to 4 grams of anh\ drous sodium carbonate 
(about I inch depth m a test tube of | inch dnmeter) in the 
round bottomed flask Run m with a pipette 25 c c of 
Benedict’s quantitative solution place on a round retort stand 
and heat uith a naked flame When most of the carbonate 
has dissohed run m the unne slowlj from a burette, keeping 
the fluid boiling When a bulk^ white precijatite ^orms, ran 
in the solution more slonly until the blue colour disappears 
If less than 6 c c or more than 13 c e of urine are required 
make up a fre^h dilution, such that about 10 c c should be 
required The calculation is exactlj the same as for Gerrard s 
method, smce 25 cc of Benedict’s solution aro reduced bv 
0 05 gram of gluco'<e 

The extra sodium carbonate has to be added, as sufficient 
u ill not di««olve in the cold solution 

Urea estimation Interest mamh attaches to the concentra- 
tion of urea in urine, as dt«cu«sed under renal efficiencj tests , 
the total amount pas«ed m 24 hours depends on the diet, and 
usuailj convejs little infonnation 

Urea maj be estimated bj the soja bean method or bi the 
hj’pobromite method The latter is liable to errors up to 
10 per cent , uhen the urea concentration is some 2 per cent , 
and to laiger errors when the urea concentration is loner, 
it IS much quicker than the so^a bean method and nia} be used 
when it is necessary to obtain results rapidK 
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Soya Bean Method 

This IS done in the same way as the estimation in the blood 
(p 76) except that 0 5 c c of concentrated or 1 c c of dilute 
urme is used , 5 c c of acid phosphate are used instead of 
N N 

2 c c and acid and alkali instead of It is essential to 

aerate w ith a rapid air current for at least an hour 

If 0 5 c c of urine was used 10 c c of acid were taken and 
a; c c of alkali were required in the titration the urine con 
tamed 2 (10 — «) X 0 3 grams of urea per 100 c e If 1 c e 
ofurino wasusedit contamed (10 — *) X 0 3 grams per 100 c c 

Hypobromtle Method 

Requxred Gerrard s ureomeler 

Alkaline hypobroxmte solution In a strong glass bottle 
place 2S c 0 of 40 per cent caustic soda drop a bromine 
capsule containing 2 5 c c of bromuie into the bottle fit the 
stopper tightlj and shake till the capsule breaks Cool before 
use This solution can be used twice 

6 c c pipette 

PnncxpU The urea is decomposed by alkalme hypo 
bromite into nitrogen and carbon dioxide The carbon dioxide 
is absorbed by the alkali and the nitrogen given off measured 
Theoretically 1 gram of urea should yield 373 c c of nitrogen 
but actually about 354 cc are gi\en off Variation m this 
latter figure and the evolution of nitrogen from substances 
other than urea are the chief sources of error in the method 
From the amount of nitrogen given off the concentration of 
urea is calculated 

Procedure Pour water into the wide tube of the ureometer 
and raise the wide tube until the water m the graduated 
cylmder is at the zero mark and level with the water in the 
tube Place 25 c c of the alkaline hj'pobromite m the bottle 
•a? vsvsYfe w/i® tb* VcAyt 

and place this m the bottle carefully so that the urme does not 
mix with the hj'pobromite Cork the bottle tightly open the 
clip of the T piece to brmg the level of the water in the 
graduated cylinder back to zero Tilt the bottle so that the 
urine mixes w ith the hypobromite Wait for 15 minutes giving 
the bottle an occasional shake after the first effervescence has 
subsided Low er the w ide tube until the w ater in the tube and 
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graduated cjlmder are ogam le\el Read the level in the 
graduated cj Under In most apparatus tins gnes the per 
centage of urea du^ctlj if however it gives the number of 

•’0 

cubic centimetres of nitrogen given off this multiplied bj — 
gives the percentage of urea 

Both the«e methods give the urea phis ammonia in urme 
if the urea alone is required (as is usualU not the case) the 
ammonia must be estimated bj the method gn en later 

Unc acid On an ordinan diet the amount of uric acid 
^ anes \ erj greatly n ith the amount of purm in the diet On a 
purin free diet the amount passed in 24 hours is fairly con 
stant a\ craging about 0 4 gram The chief changes found 
m the uric acid excretion on a purin free diet are those found 
m leukjemia m uhich the amoimt ma^ be much increased 
and those found m gout In chronic gout owing apparenth 
to a specific inabilitj of the kidncv to excrete unc acid the 
amoiuit m 24 hours is persistentlj low tg 0 1 gram During 
attacks of acute gout the amount excreted rises to abnormally 
high figures Atophan causes, an increased excretion both in 
normal and gouty subjects m normal persons however 
this mcreased excretion cannot be kept up as the body becomes 
depleted of uric acid 


Urtc Acid EsUmation 

Required Uranium acetate mixture In a large flask put 
500 grams of ammonium sulphate 5 grams of uranium acetate 
and 60 c c of 10 per cent acetic acid add GoO c c of distilled 
water and shake till dissolved The volume i almost e\actl\ 
I 000 c c 

10 per cent ammonium sidphato solution 

potassium permanganate Dissolv e I grams of pure 

;notassjijm pejinax^anate in distilled water and make up to 
1 000 c c m a litre flask To check the strength of this 
solution weigh out between 0 1 and 0 2 gram of pare 
cnstalline ammonium oxalate to the nearest milligram Add 
about 50 c c of distilleii water and 3 c c of pure concentrated 
sulphuric acid warm on the water bath until disaolved and 
titrate while hot with the permanganate solution until a faint 
pink colour appears which lasts for a minute If \ bo the 
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TV eight of oxalate taken and P the number of cubic centimetres 
of permanganate required 1 c c of the solution is equivalent to 

P X 0 00355 “ ” 2l) 

Burette 

100, 50 and 25 c c pipettes 

600 c c flask and beakers 

Fimnels , filter papers 

Principle (a) Mucin like substance which mterfere with 
subsequent filtration are precipitated from the unne \\ ith the 
uranium acetate mixture (6) The uric acid is precipitated as 
ammomum urate (c) The ammonium urate is titrated with 
N 

potassium pennanganate, of which 1 c c = 0 00375 gram of 

uric acid A small addition to the figure obtained is made to 
allow for the solubility of ammonium urate 

Procedure (o) Measure 200 c c of unne mto a 600 c c 
fiask, add 60 c c of uranium acetate mixture mix and stand 
half an hour to let the precipitate settle 

(6) Filter, measure 125 cc of the filtrate into a beaker add 
6 c 0 concentrated ammonia mix and let stand 12 to 24 
hours Pecant the supernatant liquid on to a filter 9 cm 
diam wash the precipitate on to the filter with 10 per cent 
ammomum siUphate solution and wash on the paper two or 
three times with the same solution 

Remove the paper from the funnel wash the precipitate into 
a beaker with a fine stream of water from a wash bottle Make 
the water in the beaker up to about 100 c c add 16 c c of 
N 

strong sulphuric acid and titrate with — permanganate until 
the addition of two drops produces a famt pmk flush through 
the whole fluid 

If a: c c of permanganate are used, the unc acid in 100 c c 
of unne is 

^ P X 0^^00355 ^ 

0 003 IS the correction for the solubihty of ammonium urate 

Acid Excretion 

In all mvestigations on the acid excretion m unne the urme 
must be fresh or have been collected m a bottle contaimng 

CIWC4I. PiraoLoor 2i 
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toluol or some other presets ati\e Estimations on 24 hour 
urines collected in the ordinarv waj are iisele®*? 

The excess of non \o)atile acids and bases m the blood is 
removed by the kidnejs If, as is usual, the acid removed 
exceeds the base, the unne is acid , but a lai:ge ywirt of the 
excess acid is neutralisetl by ammonia formed m the kidnej 
The free acid plus ammonia m the urme is equivxilent to the 
excess of the acid over base remo\ed from the blood When 
an abnormallj large amount of acid is excreted owing to 
abnormal ingestion or formation, or deficient destruction of 
acids, three results maj occur — 

(1) An excess of the particular awd ap 2 )ear 8 in the urine 

(2) An excess of free acid plus ammonia appears m the 
urine unless alkalies are given, in which ea«e the abnormal 
amount of acid w ill be excreted as a salt 

(3) Retention of the acid m the bodj inaj occur, owing to the 
kidnejs falling to excrete the acid sufficiently fast If alkabes 
are not given this causes a reduction of plasma bicarbonate 
(acidosis) 

The reaction of urtne vanes from pH 4 4 to pH 8 6 or more 
^^hen large quantities of free acid are being excreted the pH 
of urine is alwajs low — under 5 5 If sufficient alkali is given 
under these conditions the pH of the urine ri^es, but the urine 
maj not become actually alkaline until more aikah has been 
given than is sufficient to mcrcose the plasma bicarbonate abo\ e 
normal (alkalosis), an undesirable condition If alkalies are 
used therefore, it is advisable to give small doses repeatedl} 
(lOgramsm lOOcc of water every hour) until the urine begins 
to become definitcl} more alkaline 

Owing to the small excretion of ammonia in nephritis, with 
severe renal impairment, the pH of the urine is usually low — 
about 5 0 

The reaction of the urme may be reqmred m cases m which 
acid urme,. containing ketone bodies is being: produced as « 
method of treatment , m such cases it is only necessary to 
measure the pH, more than roughly, when the urme becomes 
acid enough to give a red colour with methyl red 

E«hmation of pH 

Required (1) A number of test tubes of uniform bore, made 

of clear, hard glass. 

(2) 10 c 0 pipette Graduated Ice pipette 



ACID EXCRETION 323 

(3) Comparator for holding tubes (Fig 25) This maj be 
made from a wooden box painted dead black inside 

(4) 0 2 N acetic acid Prepare from N acetic acid which 
has been standardised against N sodium hydroxide b\ diluting 
200 c c to 1 litre with distilled water 

(5) 0 2 N sodium acetate ^Iix 200 cc of N acetic acid 
\\ ith 200 c c of N sodium hj droside and dilute to 1 litre 

(6) Jlethjl red solution 0 2 per cent m 60 per cent 
alcohol 

(7) Brom cresol purple solution 0 04 per cent solution 
made by diluting 10 c c of the stock (1 2 per cent ) with 
290 c c w ater 

(8) Phenol sulphone phthalem solution (0 02 per cent ) made 



by dilutmg 10 c c of the stock (0 6 per cent ) with 290 c c 
water 

(9) Senes of buffer solutions made by raixmg (4) and, (5) 
according to Table VII m the special test tubes (1) and adding 
0 2 c c of methyl red solution (6) to each These tubes 
stoppered with waxed corks may be kept m the ice chest for 
months 

Procedure Filter the urine if it is not perfectl^y clear 
Pleasure 10 c c mto one of the tubes Add 0 2 c c of methyl 
red and mix If the mixture is j ellow w ithout a trace of pink 
the pH is abo\ e 5 8 If not place the tube in position B m the 
comparator Run 10 c c of unne into another tube and place 
m position A In position D put a tube contammg distilled 
water Into position C put one of the buffer solutions (7) 
Hold the comparator towards the light (comparisons can only 
be made bj daj light) If the colours as seen through the 

21 — » 
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silts match, the pH of the unne is the same as that of the 
buffer mixture If the urine does not gne a pink colour inth 
metlnl red, add 0 2 c c of brom-cresol purple to 10 cc If 
the mixture is jellow or greenish, the pH is in the neighliour 
hood of G , if purjtle the pH is higher In the latter case add 
0 2 c c of phenol sulphone phthalem to 10 c c If the colour 
IS 5 ellow the pH is about 7, if red about 8 It is little use 
inx estigatmg the pH on the alkaline side of neiitralitx as great 
changes occur after the unne is passed ou mg to loss of COj 


Table ^HI — Buffer Solultons prepared bi/ ^Itxing 0 2 
Acetic Acid (4) tetih 02 N sodium acetate (5) 


;>li 

». 

<S) 

fii 

n) 

w 

4 6 

5 2 c c 

4 8 cc 

52 

225CC 

7 85cc 

4 7 

4 0 „ 

5 4 „ 

53 



48 

4 03 „ 

5 95 „ 

54 

15 „ 

8 5 „ 

4 0 

3 5 „ 

6 5 

55 

1'2 „ 

8 8 „ 

50 

30 , 

7 0 „ 

50 

0 95 „ 

0 03 „ 

5 1 

2 53 „ 

7 45 , 

57 

0 7‘) „ 

9 25 „ 


When a large amount of free acid is passed, the unne usually 
gives a strong red colour n ith methyl red and alkali admmistra 
tion should be stopped as soon os this colour changes to yelloii 

The overage amount of free aad pa'f^ed m 24 hours b\ 
normal persons is equivalent to about 300 c c of deomornnl 
solution , the range, however, is wide, for the unne maj be 
alkaline and on a high protein diet as much as 700 c c imy be 
passed The estimation of free acid is therefore of little 
clmical value 

The amount of ammonia in unne of normal persons also 
\aries greatly On an ordinaiy diet the amount passed in 
24 hours is on an average about 0 5 gram , on a high protein 
diet the amount niaj be doubled, but similar re<hietion« 
do not occur ■nhen the protein intake is grcatlj^ reduced 
^^^len abnormal amounts of acid are being excreted and no 
alkalies gixen the ammonia m the urine is increased, and 
this increaee has been used as a measure to the nmoimt of 
abnormal acid, especially m ketosis , m this condition the 
amount of ammonia excreted may run closely parallel with the 
amount of total acetone bodies, but this jsnot always the ca'c 
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and with other acids the parallelism is much less The method 
IS still used, however, and may be useful m some cases With 
moderate increase m the excretion of acids the ammonia may 
rise to about 1 gram m 24 hours, with greater mcrease to 
2 grams, and in extreme cases to 4 grams When it is onl^ 
possible to obtain single specimens of urme, no conclusion 
can be drawn itom tlie percentage of ammonia in the urine , 
to correct for variations of concentration in the urine, the ratio 
of ammonia nitrogen to urea nitrogen may be used instead 
Normallj, this ratio is about 1 to 20 , when it rises to about 
1 to 10 the acid excretion is probab'y abnormally high , in 
extreme cases the ratio may nse to 1 to 2 This ratio is often 
used when the whole 24 hours urine is available imder the 
impression that this will correct for the variation of ammonia 
with protem intake . this, however is not the case for when 
the protem in the diet falls — a more common eaent m patients 
than a high protem intake — the ammonia m the urine does not 
fall correspondingly and a high ratio is found 

Ammonia may be estimated by two methods — an aeration 
method which is accurate and a method based on the com 
bmation of ammonia with formalm which is rough Formalin 
combmes with ammo acids and other substances m urine, so 
that the results by the second method are too high 

Aeration Method 

Required Apparatus as for urea estimation (p 76) 

10 c c pipettes 
N 

hydrochloric acid 
N 

sodium hydrate 

Anhy drous potassium carbonate 
Caprylic alcohol 

Place 10 c c of urine and 3 drops of caprylic alcohol in 

N 

tube A In tube B measure 10 c c of Jq hydrochloric acid 

Add 2 drops of methyl red Connect up with the pump and 
run a gentle current of air through the apparatus Take out 
the stopper of tube A and drop m 6 grams of anhydrous 
potassium carbonate , replace stopper, run the air current 
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gentlj for 5 mmutes then hard for 1 hour Disconnect, 
entrance tube of B in«!ide and out \^]th distilled water, and 

titrate the acid with sodium h^dnte Ifa;cc arerequired 

100 c c of the urine contain !0(10 — a;) x 0 0017 gram of 
ammonia and if the volume passed in 24 hours is V, the 

1 o.v 0 0017 X (10 -a:) X V 

ammonia passed m 24 hours is 

Fonnahn Method 

Required 

2 c c and 20 c e pipettes 
10 and 100 c c cylinders 
Burette 

Two 250 0 c conical flasks (A) and (B) 

^ sodium hydrate 
Formalin 

0 5 per cent phenolphthalem 

Principle ITie urine is neutralised to that ammonia is 
present as neutral salts Neutral fonnahn is then added , this 
comerts ammonia into neutral hexamcthj Icne tetrnnime, and 
the acid combined with ammonia is set free Tins acid is 
estimated bv titratmg with sodium hj drat© to the reaction of 
the fluid before the addition of the formalin The ammonia 
m the urine which is eqmvalcnt to this acid can then be 
calculated 

Procedure In each fla«k measure 20 c c of rmne add 80 c c 
of distilled water and 2 c c of 0 5 per cent phenolphthalem , 
N 

titrate each with sodjum hydrate until the same definite 

pmk colour is obtamed m each , cork 

Measure 5 c c of formalin into an 8 X 1 inch test tube add 

2 drops of phenolphthalem solution and titrate with sodium 

hj drate to the first pmk colour Add the formalm to flask (A) , 
the pink colour goes ow mg to the hberition of acid Read the 
sodium hydrate burette and titrate until the colour of (A) is 
the same as tint of (B) 

If a- c c are used m the last titration the urine contains 
X 0-0017 grams of ammoma in JOO c c 
Acetone Bodies A very small amount of acetone bodies 
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undetectable by quabtative tests, is normally passed m the 
unne With mild degrees of ketosis small quantities of acetone 
and aceto acetic acid are passed, eg ,02 gram of each With 
increasmg seventy of the ketosis ^ hydroxybutync acid appears 
and IS excreted m mcreaamg quantities, so that as much as 
50 grams m 24 hours may be found The amounts of acetone 
and aceto acetic acid do not nse much above 4 grams 

As the amount of acetone bodies passed is some indication 
of the risk of coma in a diabetic patient, various means have 
been used to estimate them apart from the ^omew hat lengthy 
quantitative method 

The depth of colour obtained with the nitroprusside reaction 
is not a satisfactory mdex of the total amount passed, as the 
depth of colour produced vanes greatly with the concentration 
of other substances m the urine 

The most popular index js the strenjfth of the feme chloride 
reaction As might be expected the results are not very satis 
factor}, since the substance measured by tins reaction is not 
the principal one excreted nhen the ketosis is severe Some 
idea of its value can be obtained from the following table given 
by Josbn — 


FeCl| reaction 

Total acetone bodies reckoned 
os fi hydroxybutync acid 

0 

5 7 to 11 0 

+ 

7 0 „ 14 2 

+ + 

85 , 55 3 

+ + + 

13 3 „ 51 0 

+ + + + 

17 6 „ 36 8 


The most that can be said is that a defiiute feme chloride 
reaction shows that a large amoimt of acetone bodies (over 
7 grams in 24 hours) is being excreted However the feme 
chloride test can be done every day, and with all its draiv backs 
is probably the most useful measure of the seventy of a ketosis 
As an mdex of retention the nitroprusside test on the blood 
filtrate (p 74) may be used whenever blood ^ugar la estimated 
Other methods of investigating acid or ketone body excretion 
and retention may be employed Joslm considers that the 
ketosis JS very severe when the total acetone body reaches 
30 grams (reckoned as /3 hjdroxybutync ticid) m 24 hours, 
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T\hen the ammonia m 24 hours reaches 4 grams, or when the 
plasma bicarbonate is under 30 c c of COj per 100 c c of 
pla«ma 

Chloride The amount of chloride m the diet, and conse 
quentlj the amount excreted m 24 hours and the concentration, 
norm'ill\ varj greatlj The a\erage amount m 24 honis is 
about 7 grams reckoned as chlorine, or 12 grams reckoned as 
sodium chloride 

Verj low concentrations are found in conditions in w hich the 
plasma chlonde is reduced, such as pneumonia ind intestinal 
obstruction , and occur also in the late stages of nephritis wnth 
nitrogen retention, and are characteristic of nephrosis IMien 
oedema fluid is being excreted the concentration of chloride 
m the urine is almost always about 0 C per cent (as chloride) 

EsUntahon of Chlorides 

Chlorxdes maj be estimated m unne bj the method u'-ed for 
plasma Measure 5 c c of unne into a test tube, add 1 0 c c of 
N 

— uher nitrate solution and 4 c c of nitric acid Heat m a 

boilmg water bath until the silrer chloride has formed a coarse 
precipitate with clear fluid above, cool, add iron alum and 

titrate with potassium thiocjanate which should have been 
checked against the silver nitrate 'olution as before If 
potassium thiocyanate equivalent to x c c of siher nitrate 
solution is required, the unne contains (10 — x) X 0 00585 x 
20 grams of sodium chlonde in 100 c c 
The amounts advised are usually suitable , if, however, one 
drop of thiocyanate gives a red colour in the titration, too much 
urme has been used and the estimation should be repeated, 
usmg only 2 c c of unne In this ca«e 100 c c of urine will 
contam (10 — x) X 0 00585 X SO grams of sodium chlonde 
Diastatic index An cnz\ me that w ill digest starch is present 
in the plasma and is excreted in the urme The amount 
pre«ent in the plasma or urme, the “ diastatic index,” is 
measured by the number of cubic centimetres of a 0 1 per cent 
solution of soluble starch that 1 c c of the fluid xmdermvestiga 
tion Will digest to erj'throilextrin in half an hour at 37® C 
The diastatic index of normal urme lies between C and 30, 
that of plasma is slightly less The chief abnonnahties are 
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found in diseases of the pancreas, particularly acute 
pancreatitis, in A^hich the diastatic mdev of both plasma and 
urme maj be much increased, up to 200 or more , and in 
kidney diseases, with gross impairment of renal efficiency , in 
which the diastatic index m the urmo is reduced mthout 
corresponding reduction in the index of the plasma 

Eshmalion 

Required 0 1 per cent soluble starch Weigh out 1 gram 
of soluble starch rub up with cold water and pour into boiling 
uater stirring meanwlule Cool and make up to 100 cc 
Keep this stock solution in an ice chest For use dilute 5 c c 
to 50 c c with normal saline This 0 1 per cent solution 
should he made up fresh each day 
lodme solution made by <hluting a 4 per cent solution about 
twenty times with water 
Senes of test tubes 3 x J inch 

Three graduated 2 c c pipettes two graduated 10 c c 
pipettes 

Procedure Collect the whole 24 hours urine m a Winchester 
quart bottle under toluol Before u«e shake up the precipitate 
as the enzy me may be partly adsorbed by this 
Pleasure 8 c c of normal saline into a test tube add 2 c o 
of urine and mix well Into a senes of test tubes measure 
this mixture normal saline and starch solution according to 
the table 


1 

Diluted 

Saline I 

Starch 

solutton 

Bi&statio 

index 

A 1 

2 c c ' 

0 

1 C C 

2 5 

B ' 

1 5 

05 


3 3 

C 

1 2 

04 


4 2 

D 

J 0 , 

1 0 


SO 

E 

0 75 , 

125 


67 

F 

0 50 

1 50 


i loo 

G 

0 30 

1 70 


1 16 7 

H 1 

0 20 , 

1 SO 


' 25 0 

j ! 

0 10 , 

1 90 

- 

50 0 


The urme mixture and sahne should be added first to all the 
tubes, and then the starch added to the senes rapidly Put 
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the tubes at once m an incubator, or better a water bath, at 
37® C 4fter half an hour remove from the mcubator or water 
bath, and at once add to each tube 2 drops of the iodine 
solution Note the tube with the least quantitj of mane that 
does not gi% e a purplish colour , this contams the least amount 
of urme that will digest I c c of 0 1 per cent starch to erjdhro 
destnn The corresponding diastatic mdev is given in the 
table If the unne is concentrated, the lodme mav be used 
up m oxidismg the unne in the first tubea of the senes , m this 
ca'e add 2 more drops 

If the starch m all the tubes is digested dilute 1 c c of the 
mixture of urme and saline u ith a further 9 c c of the 
salme and test again using this further diluted mixture 
\nth the proportions as m tubes E to J , the corresponding 
diastatic indices will be ten times ns great If a high index 

expected this second senes should be put up without waiting 
for the results of the first senes 

Some vanation m the index is produced bj variation of the 
pH but the changes so produced are not sufficienflj large to be 
of practical importance m the clinical appbcation of the test 

DETECTION OF DEAD 

Pnnciph The lead m the unne is carried down together 
with a precipitate of earthy phosphate^ The precipitate i» 
a«hed and redissolved A small amount of copper solution is 
added On the addition of H*S the lead is earned down with 
the copper sulphide formed, and detected bj the formation of 
crystals of lead hexauitnte 

Required 

(1) Saturated solution of ammonium sulphate 

(2) 2 per cent sola.ti<m of copper acetate 

(3) Sulphuretted hydrogen 

(4) 4 per cent sodium acetate violation 

(5) 10 per cent acetic acid ^solution 

JB) _Pota'!«ium nitnte 

(7) Capillary tube , two graduated 0 1 c c pipettes 

Procedure Collect the nnne for 24 hours, preserving w ith 
toluol Pool the unne in a large flask and add sufficient «trong 
ammonia solution to mike stronglv alkaline Stand over 
night Decant a** much as po^ible of the supernatant fluid 
and filter off the precipitate on a Buchner funnel A«h the 
precipitate m a silica di»h until white Di'^lve the a'h m 
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hydrochloric acid and make the volume up to about 25 c c 
Neutralise ^ ith sodium hydroxide solution and make just acid 
to methyl orange with dilute hydrochloric acid Add 1 e c of 
saturated ammonium sulphate solution and 1 drop of copper 
acetate solution and sa,turate in the cold with sulphuretted 
hj drogen Centrifuge and decant the supernatant fluid 
Wash three times with distilled water centrifuging and 
decanting the supernatant fluid It is essential to dram off 
the supernatant fluid thoroughly each time Place the 
centrifuge tube containing the precipitate m a beaker of boiling 
water and add 2 drops of nitric acid Draw up a drop of the 
solution thus obtained in a capillary tube and evaporate it on a 
slide Add 0 02 c c of sodium acetate solution completely 
dissolving the residue Evaporate again aiming at obtaimng 
the residue m a rmg about 0 4 cm in diameter Chill the slide 
on ice add 0 01 c c of 10 per cent acetic acid and place a small 
crystal of potassium nitrite m the centre of the ring The 
potassium nitrite diffu«e^ slowly to the margin and if lead is 
present crystals of lead hexanitrite are found as black cubes 
and squares visible under the microscope among the crystals 
of copper ocetate 

The urme should not be allowed to become alkaline and 
deposit phosphates spontaneously as in this case the lead may 
not be carried down nor is it satisfactory to redissolve the 
precipitate w ith acid or reprecipitate w ith ammonia 
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URINARY CALCULI— BACTERIOLOGY OF URINARY 
TRACT 

The calcub which maj he found in 003 part of the urinarr 
tract can be divided into those which are comparativeli 
common and tho^e which are extremely rare We are onf\ 
concerned here w ith the composition of the \ arions calculi and 
this IS readily determmed b\ a short and simple ‘'cheroe of 
anal3<!ia The exact percentage composition of muxcd calculi 
IS natnrallx a more hbonous proceeding but does not form n 
part of ortiinar3 clinical pathology 
Speaking generalU, calculi nm xarx in size from a small 
concretion such as ma\ lie passccl b\ the urethra, to a ma««. 
the size of a clenched fi*t TlieN are commonl3 pigmented 
Thex ma) be smooth or nigged Thei tend to take the shape 
of the viscus m which the3 have been formed, as, for example, 
the pelvis of the kidne} If multiple the3 ^ faceted 
The fractured surface frequenth shows concentric rings 
Calculi are commonl3 of mixed composition, and the nucleui 
ma) be formed of a different nmtenal to the cortical portion 
The comparative!}’ common stones are calcium oxalate, unc 
acid ammonium urate and pho'^phatic calcub 

Calctum oxalate stoiies mixed with a certain araoimt of 
calcium phosphate would appear to be the mo«t common 
\ariety Calcium oxalate calculi are as a rule hard, of a 
reddish browai colour, and with a granular surface which ha* 
given them the name of “ mulbeirx '* calculi The\ ma} be 
branche<l 

Calctrtm phosphate calculi are common e^peciall} m the 
bladder , the} are found particularly w hen inflammation i- 
present Lavers of phosphate mav form on the surface of 
foreign bodies or on stones compos! of other Mib«tances A 
small amoimt of calcium carbonate nia} Iks mix«l with the 
phosphate Tlie^e stones ate uaually white and crumbling 
Unc aetd calcitU are less common ind contrary to the 
statements of mam text book« are cxtreineJi rarely found m 
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the Ividnej , though they ate not \ery infrequently met with m 
the bhcUIer The rantj of unc acid calculi in the kidney is 
fortunate, since the permeabUitj of unc acid to the X rajs is 
the same as that of the belly wall , consequentlj they cannot 
be recognised by X-raj cvaimnatioit The calculi are usually 
small, chocolate coloured, fairly hard and have a smooth 
surface 

While pure unc acid calculi are rare unc acid is fairly 
commonly found in association with some other substance 
such as calcium phosphate or oxalate The mixed calculus 
can be recognised by X ray photography 

Urait atoriM consisting of ammonium, with a lesser amount 
of sodium urate are hard stones of a browm colour 

The composition of the commoner calculi should be sought 
according to the following scheme of examination If the 
reactions for those substances are not given, or only traces of 
them are found, some of the rarer substances must be tested 
for, as subsequently described 

Chemteal Examtnahon 

If the stone is of considerable size, cut it m half 
Examine the cut surface, and if the nucleus differs in appear- 
ance from the cortical portion, scrape out the nucleus first and 
examine it separately 
Powder up the calculus in a clean mortar 
The prmcipal constituents of the stone may then be identified 
as follow s — 

To a knife point of the powder, m a test tube, add about 
5 c c of dilute hydrochloric acid If efferve'*cence occurs 
carbonates are present Heat If the powder does not dis 
solve test the powder for unc acid * If the pow der dissolves 
cool and add strong ammonia until alkaline If no precipitate 
appears test for cystme and xanthme If a precipitate appears 
tlie stone contains oxalate or phosphate Add acetic acid until 
acid If tVie precipitate does not dissolve the powder contained 
calcium oxalate , if it dissolves the powder contained 'phosphate 
The presence of phosphate may be confirmed by dissolving a 
knife point of the powder in strong mtric acid, adding excess 
of a 10 per cent solution of ammonium molybdate and boihng 
A heavy yellow precipitate mdicates the presence of phosphates 

• Solution IS usually not complete with any atones owing to the presence of 
blood pigment, etc 
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To test for vnc acid add 3 drops of strong nitric acid to a 
knife point of pow der m a porcelain di^h and e\ ajwrate to 
complete drjness on a water bath , if nric acid is prc«ent a 
reddish colour appear?, nhicb turns \ lolct (murotide reaction) 
on adding dilute ammonia (5 drops of strong solution to a test 
tube full of water) To determine whether the unc acid is 
present as ammonium urate place some powder in a test tube 
add about 2 e e of strong sodium hj dro\jde and heat Test 
for the evolution of ammonia by smell and with a piece of moist 
litmus paper held at the mouth of the tube If ammonia is 
detected the stone contained ammonium urates , if, as is more 
usual no ammonia is present, the material was urfc acid 

To test for cysline dissolve a knife point of the powder m 
about 3 c c of strong (10 per cent ) sodium hydroxide solution 
add a few drops of lead acetate solution and boil If cjstine 
IS present the fluid turns black As a confirmatorj te^t the 
powder may he di«so]red m strong ammonia solution A law 
drops are placed in a watch glass and the ammonia allowed to 
evaporate Typical hexagonal plates separate out If a drop 
of strong hydrochloric acid is allowed to flow over the deposit, 
as each crystal is bathed m the acid there springs from it a 
stellate cluster of prisms 

Aon/Aine stones are %etj rarely found They are hard and 
dissolve readily m alkalines or ammonia, bIowIn on warming 
w ith hj drochloric acid They may be recognised by a reaction 
Similar to the murexide test , on heating w ith nitnc acid a 
lemon yellow colour is given which cfianges to orange on the 
addition of 10 per cent sodium hydroxide and to purple red on 
further heating 

Concretions, soluble in ether and consisting niainly of 
cholesterol, have been described (urostealiths) The cholesterol 
may be recognised by the methods de<»cribe<l under gall 
stones 

THE BACTERIOLOGY OF THE URINO-GENITAL 
TRACT 

The variety of pathogenic oigamsms commonly met with m 
the urino gemtal tract is not very great, and in general the 
bacteriological examinations should be conducted on the lines 
mdicated in previous sections The gonococcus is de cnbe<l on 
p 99, and the methods for isolating it from the gemto urinary 
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tract ou p 231 An account of the S poHirfa and the means of 
detecting jt on pp 131 and 320 

Diicrey’s hactUus is described on p 115 
The tubercle bacillus In examining the unne for tubercle 
bacilli (see p 227), particular care should be taken with ureteric 
specimens, the deposits of which should be exammed for pus 
as well as for the bacilli These specimens almost inranably 
contain red blood cells resultmg from the passage of the 
catheter Pus cells must not be confused with the small 
round, or elongated mononuclear epithehal cells, which are 
normal constituents of ureteric specimens The amount of 
albumm, m the absence of gross contamination bj blood, and 
the percentage of urea should also be determined m suitable 
specimens In a tuberculous case m u hich pus and tubercle 
bacilli are present m the bladder and jn one of the ureteric 
specimens, failure to detect tubercle bacilb or pus cells m the 
other ureteno specimen is of the greatest assistance m deciding 
the advisability of nephrectomy 
The colon bacillus A catheter spiecimen, carefully taken 
after cleaning the urethral onfice, is essential for the detection 
of colon bacilli m the female In the male a catheter specimen 
IS not essential The glans penis should be tlioroughl} cleansed, 
and the patient should be instructed to pass the first portion 
of urme mto an ordmary receiver and the next portion into a 
sterile uide mouthed flask fitted uith a wool plug 
When the specimen is obtamed proceed as follow s — 

Pour approximatelj 3 to 4 c c of unne mto a broth tube 
Set aside the remainder of the specimen for further mvestiga- 
tion 

Incubate the culture at 37'’ C for from 12 to 24 hours 
Examme the broth culture for general turbidity, and 
microscopically for the presence of bacilli 
If a growth of bacilli has taken place, prepare two Petri dish 
plate cultures, one of which contams agar and the other 
MacConkey’s medium 

Take a platmum loop of the broth culture and make a 
senes of streaks, first on the agar plate and next (without 
recharging the loop) on the MacConkey plate 

Incubate the plate cultures and the origmal broth culture 
till the next mommg 

Examme both plates and m particular the MacConkey 
plate If large red colonies are present on the SlacOonkey 
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plate and all are apparently of the «!ame nature «;ubcuUure 
from them into the following media Litmus milk ^eutral 
hkI broth Broth Gelatin ‘«lope Litmus deatro^e Jjtniiis 
mannite Litmus lactose Incubate the sub-culture^ until the 
next morning, but remember to pi ice the gelatin slope m a 
separate crate at a temperature of from IS® to 2J° C 
Examine the sub-cultures for the following clnnges — 

Acid and clot m milk , green fluorescence m neutral re<l 
broth , indole in broth, as sJiown by the production of a rwe 
pmk colour on the addition of nitnc acid , growih on gelitin 
without bquefaetion , acidita and gas formation in the three 
btmus carbohydrate media 

If all the'ie changes are present the orgamsm is the colon 
bacillus 

If the changes have not yet occurred, remeubate the tubes 
for another 24 or 48 hours, or longer if necessary The indole 
reaction frequently takes a week to deaelop 
The agar plate should a!«o be examined for the presence of 
cocci m addition to the bacilli Colonics of staphylococcal or 
streptococcal nature should be examineil microscopicalli, and 
if COCCI are present sub-cultures ‘•hoiild be made in broth or 
on agar and the cultural character of the organiMiis further 
investigated 

>>o COCCI will be found on the MacConkej plate 
If bacilli of the colon type are found on the agar plate ami 
no growth has taken place on the VacCbnkoy plate this 
should be reinoculateil from the original broth culture If 
no growth occurs after remoculation, colon bacilli are absent 
If colonies of more than one type or colour are pre«^nt on 
the "MacConkey plate, a characteristic discrete colony of each 
type must be transferred to broth and sub-cultures from each 
broth tube made on the follow ing day mto the scries of media 
given for the colon bacillus 

Tlie catheter specimen of urine must on eiery occasion be 
exammed generally as well bactenoIogicalK I'cri htth 
information is derived from the cultivation of a colon bacillus 
from the unne, and such information as is given raa\ be totally 
misleading Colon bacilli in the unne arc not by an\ means 
the necessary explanation of an obscure fever or even of 
definite urmary symptoms All bacterial mvestigntions must 
be considered m conjunction vvitii the general examination of 
the urine and the clmical condition of the patient The further 
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examinations of the urme to be invariably made are simple, 
and concerned nith the appearance, the reaction, the presence 
and amount of albumin, and the nature of the deposit 

The following types of infection may be recognised — 

In the latent type colon baciUi may exist m the urme v\ ithout 
producmg any signs or symptoms of disease In such cases 
the urine is of normal appearance, no bacilli are seen in the 
centrifuged deposit, and a growth of the colon bacillus is 
obtamed on culture This class of case constitutes the “ colon 
carrier ” The condition is liable to revert to the acute inflam 
matorj' stage, particularlj if pregnancy or some other com 
pbcation arises 

In the acute type the patient has marked vesical and often 
renal symptoms, has high fever sometimes with rigors and 
ina^ present all the aspects of extremely serious illness The 
urme is turbid on passing the turbidity being due to the 
enormous numbers of bacilb Pus cells are present, but thej 
ma} be scant} and red cells uia} be found A trace of albumin 
IS present Such patients practically alwaj s recover from this 
severe stage under treatment and often, apparently, m spite of 
treatment Thej, however frequently pass into the chronic 
type 

In the chronic type which maj persist for months and 
nuy be apparently chronic from the onset, some other pre 
disposmg cause, such as pregnancy obstmate constipation, 
haimorrhoids, or an ischio rectal abscess, is often present The 
urmarj symptoms are subacute or absent a imid and inter- 
mittent pjTexia is present, and the urme is acid contaimng a 
trace of albumm and a considerable naked -ej e deposit due to 
pus and bacilli 

The presence of colon baciUi, therefore, m a culture taken 
from the urme is insufficient evidence that the baciUi are 
actively producing disease, and if no pua is present it is almost 
certain that they are not Even if pus and bacilli are present 
it does not follow that the ultimate diagnosis has been reached 
Infection by the colon bacillus is readily superimposed upon 
some other lesion, such as that of tuberculosis or calculus 
The bacillus proleus is in such instances often present in 
addition 

In all cases of coh infection of the wine associated with a 
considerable degree of pyuna tt is a wise precaution to search the 
unne for tubercle bacilli also, 

CUMCiL ritBOlOQT. 22 
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The treatment of coh infections b'\ autogenous vaccmes is 
Tvortfaj of trial m selected causes 
The bacillus proteui The exammation for this organism 
IS conducted m the same manner as that for the colon baciUu- 
The bacilli grow well on the AhicConkei plate and are recog 
lused bv the vellow colour of their colonies the more slimv 
nature of their growth and their somewhat character] tic 
and offensive odour The cultural character which mainlv 
distmguishes them from the colon bacillus is the power of 
liquefying gelatm Pure infections of the unnarj tract bv 
B proteus occur but the organism is more frequentl} found 
m association with other bacteria and other lesions of the 
tract such as neoplasm of the bladder or renal calculus In 
eases of proteus infection the urme is commonly alkaline 
The typhoid hactUus This oi^anism is evamined for bi the 
•'ame routme The cultural characters are given under the 
description of the bacillus The bacillus should be further 
identified bj serum agglutmation te«ts using both the serum 
of the patient and a stock anti*scrum 
The t^^iboid bacillus mai exi«t in the unne without pro 
duemg evraptoms and m such casjs is a dangerous source of 
infection to others 

BaciUuna following tvphoid fever !« common but is m the 
great majoritv of ca«es due to the B coh 

Staphylococci 5/rcp/ococci Diplococci An\ of the ordinar\ 
P3 ogenio cocci maj be found m the unne but m the majont\ 
of ca«es the\ come from the lower part of the tract and are of 
little importance 

The specimen for evammation must be a catheter specimen 
and preferably should be withdrawn after thorough irr^tion 
of the urethra with stenie water 

The urme should be first added to broth and the centrifuged 
deposit examined as soon as po>sjb]e If cocci are numerous 
m the recently passed specimen they mu^t have been present 
in the bladder tefore passage Cocci in a specimen that has 
been standmg overnight may l»e urethral contaminants The 
broth culture is suh«equentU plated in the usual way Anv 
of the three vanetie« of staphylorocct may be present and 
may produce a cystitis associated with a purulent and often 

alkahne urme Staphylococcal cystitis is rareh pnmaiA and 

IS more often «upennipo^ upon some other legion such as a 
urethral stneture or prostatic enlargement In stapbviococca 
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pyaemia the causative organism is usually abundant m the 
urine 

Streptococci are less frequently met uith if the urethral 
lavage has been thorough \ long chamed streptococcus of 
low pathogemcity to animals is the variety most commonlj 
found Hffimolytic streptococci are sometimes present and 
may be associated with a prostatitis or urethritis 

Pneumococci m the unne are often recorded and rarely 
found The organism commonly confounded vv ith the pneumo 
coccus IS the enterococcus a paired coccus met with frequentlj 
in the urinary tract This ihplococcus is Gram positive and 
raorphologieallj resembles the pneumococcus but is readily 
(hstmgiushed by its cultural characters The organism is 
more commonly met w ith in specimens from w omen and children 
than from men and m the majority of cases gives rise to no 
Bjmptoms It maj however be found m pure culture in 
cases of cystitis or pyelitis and it has been recovered from the 
general circulation 

Other organisms B mehlensis can m the majority of cases 
of Alalta fever be isolated from the urine during the early 
period of the di<ease BaciHi of the influenza type are occa 
sionall} met with m association with a purulent urethral 
discharge m which no gonococci can be founif and m rare 
cases neither gonococci influenza bacilli nor any other 
bacteria can be detected in Aims or cultures of the pus Such 
imusual infections may follow sexual intercourse 

Diphtheroid bactlli are frequently found in the urme and 
are practically always derived from the lower urethra The 
appearance of these organisms in the cultures is evidence of 
urethral contaramation The bacilli are apparently harmless 

In conclusion any of the organisms of the colon typhoid 
group not previously mentioned may be found in the unne and 
bacilli of this group which are difficult to classify exactly are 
fairly frequently met with 


CHAPTER XVni 
RENAL EFFICIENCY TESTS 

It sliould be explained tliat there are, from tlie cbenuca 
pomtofvie'R atan\ rate, two processes Tvhich occurmnephntis 
The first often called glomenilo nephritis, in which franl 
inflammatory changes occur, leads to impairment of renil 
efficienci as raeasurwl b\ the tests here discussed The 
second process, nephrosis, characterx.'e<l imcroscopjcaJIji bj 
degeneration of the tubules and clinically by adenn, docs not 
lead to such impairment, when, as not infrequently happens, 
it occurs without glomerulo nephntis , m other words, ca®es 
occur with gro^s ajdeim, and much albumin and castt m the 
unne, m which these tests will show no inqiaument even after 
many months , m such ca«€3 no inflammatory changes arc 
found microscopically Impairment of renal efficiency is aUo 
associated with kidney damage resulting from other fonn« of 
inflammation, from hyperpiesia, or from congenital cydic 
disease 

Blood Urea 

Of the many renal efficiency tests that haie been propoy^d 
bv far the most useful is the simple estimation of the h/ood 
urea It is true that high \alues for blood urea ma^ be found 
in other conditions, but if, as is usually not difficult, the«e 
conditions are excluded, a high blood urea may be taken to 
mean that the kidneys are si impaired that they can no longer 
keep pace w ith their daily ta*:k of excreting urea Tlie blood 
urea may be alterwl expenmcntalK by changes m the nitrogen 
intake, and it might be expected that the diet would hai e to be 
considered in weighing the significance of blood urea findings 
In actual practice the variations of diet do not seem adequate 
to mtroduce appreciable errors In a long senes of ca«es, in 
which microscopic examination of the kidney became possible 
durmg life or after death, we have found that the height of the 
blood urea gave a good indication of the degree of damage of 
the first type (glomerulo nephntis) that the kidney had suffered 
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The blood iirea, does not rise, ho\ve\rer, until a certain degree of 
damage has occurred 

Prognosis in chronic medical cases. The statement that 
patients n hose blood luoa is over 0 1 gram per 100 c c ha\ e 
not more than a } ear to ln^e seems to be fairly correct Patients 
may hve for some jears uith blood ureas of 0 070 or 0 080 per 
cent , hut the figures begin to nse to about 0 1 onlj uhen the 
Uidnejs are finalh failmg The higher the figures go the 
shorter the prospect of life so that uhen they rise above 
0 3 per cent onlj a few weeks of life maj be expected It is 
rare for the blood urea to rise abo\ e 0 6 per cent These are 
not mivarj mg rules but statements of probabilitj Patients 
with congenital cjstic Lidnejs are exceptional they maj live 
a considerable time and be moderately actne with aery high 
blood ureas 

In acute nephritis great increase of the blood urea is unusual , 
although the prognosis is more senous when the blood urea 
rises above 0 I per cent , complete recovery xs possible 
In chronic cases w ith oedema the blood urea givefc a measure 
of the degree of damage due to gtomenilo nephritis associated 
with the nephrosis This is of practical interest, for whereas 
complete recoveiy from pure nephrosis, although rare, maj 
occur, complete recovery from the changes produced by 
chrome glomerulo nephritis is impossible 
It has been maintained that morganic phosphate and 
creatmm are of more value for prognosis than the blood urea, 
as the3’’ onlj rise to very high \alues shortly before death 
In our experience, howexer, the inorganic phosphate is less 
satisfactory than the blood urea, and m any case it is the more 
distant prognosis which is of xalue, for usually when death 
is near, its imminence is obxjous from clinical examination 
Prognosis for operation in prosfafic hypertrophy. Un- 
satisfactory results w hether directly due to kidney damage or 
to other causes, are much more common among patients whose 
Wood urea is ahoxo 0 OoO per cenl , and are rare axoxu^ those 
With blood urea below 0 040 jier cent Patients who^e blood 
urea has fallen from a high to a normal figure after drainage 
are still apt to do badl^ 

Hyperptesia. The blood urea m hjperpiesia may remam 
normal for several jears, and figures over 0 1 per cent are not 
common even at the end This prox ides a useful distinction 
from nephritis with high blood pressure , for high blood 
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pressure 'econdarj to nephntis is alua%s associated with high 
blood urea 

Fnnct*ona/a/6uminnr*a The blood urea is normal this 
however is no help m diagnosis as normal or low figures are 
foimd in the tj-pes of nephntis with which it mat be confuted 
\or do other renal effieiencj tests give ant more help 

Ursemta This term is certainh used for three conditions 

(1) The nervous manifestations that occur in hj-perpie«ia 

(2) Sthenic or P«eudo nrjenua characterise bj con 
tTilsions and coma (3) Asthenic or True uremia 
eharacten^ied bv drowsmess and twitchmg The second tvpe 
occurs m x^atients whoee kidnejs are not gro'sslv impaired 
the blood urea is usiiallt raided but not vert high The third 
tvpe occurs terminallt m patients «ho«e kidnevs are completelv 
failing the blood urea is vert high inorganic phosphate^ are 
lugh and plasma calcium low It is possible that the low 
calcium IS the cau«e of the twitching 

Other renal efflaency tests Since some degree of renal 
impairment mat bepre^^ent although the blood urea is normal 
and a high blood urea due to a temporarj interference with 
escretion mat 2 >erijst for «on»e davs alter the interference has 
been removed other teats are required Of the many that 
hate been projio^ed we will describe three MacLeans urea 
concentration tc«t the urea clearance test and phenolsul 
phonephthalein excretion 

MacLean s Urea Concentration Test 

Renal impairment shows first in reduction of the ixjwer 
of the kidnet to excrete urme containing a high concentration 
of urea The object of this test is to measure this power As 
a stimulus to the kidnev a dosw of urea is given b\ the mouth 
The patient empties his bladder and drinks lo grams of urei 
d]«'^ilved m 100 cc of water and flavouretl with lemon 
With children the do«e of urea should be rcduceil to 12 grams 
between 8 and 12 jears 10 grams between o and S \ears 
“ o grams between 3 and 5 xcars 6 grams between 1 and 3 
jears and 4 grams under 1 jear fho urine passeil m each 
of the sub-sequent 3 hours is collected measured and the urea 
concentration e-stimated The urme pa-vsed bj normal per<ms 
u«ualh contains at least 2 5 per cent of urea but ifthe lulom® 
of unne passed m an hour is large (over 120 c c ) «s is not 
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unusual in the first hour even when i^recautions to reduce 
water output are taken the concentration may be below this 
Patients u ho excrete 2 5 per cent or a higher concentration 
of urea ha\e little kidney damage 

In persons u ith modem telj damaged kidneja \ alues betw een 
1 5 and 2 5 per cent are usuaUj found while in patients with 
more severely damaged kidneys the concentrations fall below 
1 5 per cent Patients with chronically raised blood ureas are 
almost alwajs found in this last group The volume must be 
taken into account to some extent and it is not safe to draw 
conclusions from low concentrations when the volume of the 
urine passed in an hour exceeds 120 cc Aa a large volume is 
frequently passed in the first hour it is usually advisable to 
estimate urea only in the second and third hours 

A wide range of concentration may be expected in persons 
with moderately damaged kidneys ns with normal persons, so 
that the concentration found is not an exact measure of the 
efficiency of the kidneys in this group eff it does not neces 
sanly follow that a person who passes 2 2 per cent of urea has 
better kidneys than one who only passes 1 7 per cent ^Vhen 
however we come to the severely damaged group there is 
more certainty that the kidney is doing its best all the time and 
the concentration obtained more fairly measures the efficiency 
of the kidney 

WTien the blood urea is already high it is not necessary to 
give a dose of urea 

It 18 preferable to perform this test the first thing in the 
mommg when the patient has had nothing to drmk since the 
evenmg This reduces the risk of large volumes of urine 
which may render the result valueless 

This test IS obviously rough as no account is taken of the 
level of the blood urea, and Uttle account of the volume of 
urme passed 

Harrison’s test avoids the first objection The blood urea 
IS estimated during the third hour after the adcainistcation of 
urea and the ratio miliigrams urea m the urine to milligrams 
urea m the blood is calculated Normally this should lie betw een 
40 and 70 

Urea Clearance Test 

In this teat a formula is used W'hicb corrects both for 
variations of blood urea and unne volume If the rate of 
excretion of urme is above a certam level (about 2 c c per 
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Jiunute) the reJation between nrea concentration m the blood Ji, 
urea concentration in the urine U, and volume of urme per 
mmute V, is given the formula 
XJV 

= maximum clearance = C„ (a constant) 

If, however, the rate of excretion of unne is lower the relation 
IS given bj 

uVv 

— g — = standard clearance = C, (a constant) 

Since these formula appear to be ver\ accurate for both 
normal and diseased persons, and since the constants do not 
varj greatly from person to person, a method based on these 
formul'E should provide an accurate method of measuring the 
abilitj to excrete urea 

The average value of the maximum clearance found m 
normal persons is 75, and that of the standard clearance about 
50 Hence the maximum clearance can be calculated as per 
W 100 


cent of the normal bj the formula 


uVv 

clearance bj the fonmda — g — ; 


B ^ 
100 
60 


and the standard 


In practice the patient empties Ins bladder and the time is 
noted He is allowed ^ pint of water to drink and is kept at 
rest without food or further drink for 2 hours All the unne 
passed in the next 2 hours is collected m tw o separate bottles , 
the volumes of the two samples are measurctl and the urea 
concentrations estimated Blood is taken for urea estimation 
at the end of the first hour The clearance is calculated for 
each hour as a percentage of the normal using the maximum 
clearance formula if the aolurae was over 2 cc jier mmute 
and the standard clearance formula if the volume was below 
this level Values between 75 and oO per cent of normal 
should be considered doubtful Figures below 30 imph renal 
deficiency Tlie test proaes more delicate than the phenol 
sulphonephthalein test but unless the co-operation of the 
patient and the nursuig staff arc satisfactory the results are 
apt to be spoiled by incorrect collection of the hourly urines 


Phenolsuipbonephthalein Excretion 
This d3e is excreted almost solely by the kidneys and its 
excretion is almost independent of the rate of water excretion 
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Required Ampoules containing a solution of phenol 
sulphonephthalein 6 mgni mice Weigh out 0 6 gram 
of phenolsulphonephthalem , rub up in a mortar uith 17 c c 
N N 

of — NaOH Pour into a 100 c c flask, add HCl till the 

fluid IS orange make up to 100 c c with normal saline and 
sterilise rapidly Quantities slightly exceeding 1 c c should 
be measured into sterile ampoules 
40 per cent sodium hydrate 

Standard phenolsulphonephthalem solutions Dilute 6 mgm 
of phenolsulphonephthalem dissolved in 1 c c to 100 c c with 
uater made slightly acid with HCl This stock solution keeps 
w ell in the dark Take 10 ec of this solution make alkaline 
uith sodium hydrate ■'olution and dilute to 100 c c (1) with 
distilled water guing Standard I (2) nith a concentrated 
urine giving Standard 11 The«c standard solutions should be 
made up daily as phenolsulphonephthalem is slow Ij destrojed 
m alkaline solution 
Funnels and filter papers 
Colorimeter 
Measuring O) linders 

Procedure Inject 1 c c of the phenolsulphonephthalem 
solution (= 6 mgm of <lye) intramuscularly and collect 
separately the whole of the unne p^sed m each of the two 
foUowmg hours Estimate the amount of dye m each of these 
urines as follow s Make strongly alkalme w ith sodium hy drate 
solution make up to a convenient volume of about the same 
depth of colour as the standards mix v' ell and filter Slake 
a mixture of Standards I and H to contain about the same 
proportion of red colour from the dye and yellow colour from 
the urine as the imknow n Compare in the colorimeter v\ ith 
this standard at 20 ram jf the reading of the unknown is x, 
and the v olume to w hich the hour s unne w as diluted is V, the 

20 V 

amount of dye contained in this hour 8 urme IS — x — percent 

of the original dose of 6 mgm It is necessary to have urine in 
the standard otherwise owmg to the yellow colour of the urmc 
m the unknown it would be impossible to obtain a match 
If the JMy ers colorimeter is used pour the mixed standard 
into the left tube and the unknown into the right hand tube 
each up to the mark 10 , then iblute the stronger, adding 
I c c of water at a time, until a match is obtamed If the 
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reading of the unknown is x and that of the standard y, the 

X \ 

hour s nnne (volume V) contains “ X per cent of the 


original dose of C ingm 

formal persons cverete oier 60 per cent of the dose (that is 
over 3 6 mgm ) m 2 hours, the greater part m the first hour 
In patients an excretion of 50 per cent or more m 2 hours 
shows that no appreciable kidnci damage has taken place 
With moderate degrees of reduction of renal efticiencj values 
dow n to 30 per cent in the 2 hours are found and inth more 
severe degrees under 30 per cent In patients who-e kidnejs 
are finalh fading acr\ small amounts and e\en no perceptible 
trace maj be excreted 

Mhen ci’stitis is present the plienol&ulphonephthalem found 
m the 2 hours’ urine is often much loss than w onld be expected 
from the state of the kidneys , in such cases little significance 
can lie attached to low figures 
Mith both phenolsulphoncphthalein and urea concentration 
testa it roaj be said that when results are either normal or 
undouhtedli bad definite conclusions con bo drawn Inter- 
mediate results give an indication of the probable state of the 
kidnej but there is a great deal of indnidual variation 
The diastatic Index of the 24 hours’ urine ma\ be ««ed as an 
index of renal efTiciencv , it is claimeil that when the index 
falls below 3 the kidneys are severely damaged Wo have 
not found the test u'eful 



SECTION V— THE ALIMENTARY 
SYSTEM 

CHAPTER XJX 
THE MOUTH-^THE STOMACH 
THE MOUTH 

The laboratorj iiivestigition*’ of the buccal cavity ire 
mainly bacteriological m nature 
Oral sepsis and intestinal toxieima have borne the odium 
of all the ills v\ hich man may suffer There can be no question 
that a thoroughly septic condition of the mouth leading to an 
absorption of offensive pus may set up considerable disturb 
ance of which the most direct effect is gastric or intestinal 
in nature More remote lesions due to the absorption of toxins* 
into the circulation are also possible but difficult to prove 
Of these the most probable is a \ ariet j of osteo arthritis 
which more particularfy attacks the phalanges and is very 
commonly associated with some local septic le<»ion such as 
pyorrheea alv eolans The bacteriological investigation of the 
mouth is reasonable m such cases and is occasionally profitable 
The practitioner should however be warned against the 
indiscriminate use of vaccines prepared from organisms of the 
buccal cavity ^tothing is more simple than the preparation 
of such a vaccine for any and every condition and nothing 
would be more futile were it not for the mental effect of a 
hy podermic injection upon a confidmg patient 

Pvorrhoea alveolaris is readily recognised by the exudation 
of pus from the sockets of the teeth In severe cases the 
majonty of the teeth are loose and almost floating m a purulent 
bed The teeth themselves may show little or no signs of caries 
In order to make a cultural examination the mouth should be 
well washed out with clean and preferably sterile water and 
a loop of pus as it exudes aft^ pressure on the crown of a 
tooth be taken in a platinum wire If little discharge is present 
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a «terile wool swab aimihr to tint for djphtherii caoes 
ina\ be nibbetl agiin«t the root of the tooth If it in adv tNable 
to e\tnct a tooth culturcN mav lie taken from the pocket 
The platinum wire or swab «honld lie rubbed over the surfaces 
of 3 or 4 agar or senim agar slope or preferablv bj a senes of 
streaks over 2 blood agir phtes Films of the pus should 
also be made The culturesareinciibate<l tilt the neat mormng 
and the nature of the colonies in\e<tjgatcd b\ the hand glass 
and nucroscopicalh Sub-cultures nHouW lie made from each 
^ ariet\ of colonj on the plate and their full cultural characters 
investigated The predominant organism in tlie pus films and 
in the plate cultures should he noted In the films of pus 
numerous spirilla and fusiform or beaded bacilli can often l)e 
seen but the\ do not grow in the cidturcN If a \aecine is 
required it should he made from the prcflommant or^int'im of 
greatest nndence and in a case of doubt a miaed \accinc ran 
bo prepared The bactena most commonlv found and mo t 
frequenth predominant m the plate cultures are streptococci 
either of the vindans type or of the hTinol) tic a aricties Other 
organisms which maj be obtained are micrococcus catarrhalis 
and less commonh the pneumococcus Staphalococci are 
usualh present in addition and almost nn\ of the pathogenic 
organisms including the bacillus cob ma\ occnsionalh be 
isolated 

Tfinish IS an infection of the buccal envatv b\ the ouhum 
albicans It is common m children but occur* aLo in adults 
and particularh m febrile patient® the care of whose mouths 
has been neglected A white flaka inembranD is present and 
ina\ spread er the entire buccal ciMta including the palate 
and the tongue The membrane is usuallv detachable without 
lea\ mg a raw surface In children the membrane has to l>c 
di-stingui hetl from particles of milk left m the mouth after 
feeding In films made from the membrane an abundant 
interlacing mycelium is usualh found tegethor aaith a fiw of 
the 3 east like oaal celU In cultures tl e cellular clement of 
the orgini m ma^ predominate 

The condition is readd^ cured In ortlmara anti cptic 
treatment 

Diphlhenn produces a membrane which is mast commonlv 
confined to one tonsil and is removed with difiicultv leaving 
a bleetlmg surface There maj be little con titutional di 
turbance The methods of taking and examining swabs and 
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cultures from suspected cases of faucial diphtheria have been 
alread\ described (p 107) 

1 incent s angina consists m an ulcerative stomatitis often 
with membrane formation The condition i& most frequently 
met ^v^th in young ill nourished children and is accompanied 
by sea ere general sy mptoms In films made from the ulcerated 
surface the organisms associaf ed « ith Vincent s name are very 
numerous Pus cells may be scanty and ly mg on a background 
of innumerable spinlla of vary mg shape and size The fusiform 
bacdh are less numerous and of similarly \ariabIo size some 
bemg stout and cigar shaped others long thm and beaded 
It is by no means certain that these organisms are the essential 
cause of the stomatitis They are aery numerous in almost 
any septic mouth and m \ incent s angina other pyogemc 
organisms such as streptococci and staphy lococci are present 
in addition 

Follicular tonsxhtia is characterised by swelling of one or 
both tonsils and by numerous small round yellow spots 
of suppuration m them The organisms found m the pus 
are commonly staphylococci or streptococci Streptococcal 
inflammation may produce swelling and hyperremia of the 
tonsil only and these organisms are usually associated with 
the angina of scarlet fever as well as with the tonsihtis which 
almost invariably precedes by 10 days or a fortnight an attack 
of rheumatic fever The streptococcus a<?sociated with scarlet 
fever has been previously described (p 96) Streptococci 
may aUo set up a membranous tonsilitis closely resemblmg 
that of diphtheria but usually associated with severer con 
stitutional disturbance The distinction between the two 
conditions is readily made on bacteriological grounds 

Saliia The variations of mucm and diastase in saliva in 
disease hav e been little studied 

Estimation of urea in sabva by the method given for blood 
jriv es concentrations about three quarters of the concentrations 
found m blood a variable amount of the urea is converted 
into ammonia m the mouth but this change does not affect 
the apparent urea concentration An estimation of urea in 
the saliva may be used as a rough methocl of detecting great 
nitrogen retention when blood cannot be obtained The large 
amount of ammonia formed m the saliva when the blood 
urea is high gives an ammoniacol smell to the patients 
breath 
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THE STOMACH 

Laborator} investigations into the functions of the stomach 
are mainl\ chemical in nature and are pnncipallj concerned 
^Mth an anal^-sis of the gastric juice The diagnosis of a 
condition associated uith gastric symptoms as dyspepsia 
has little real meaning and carries us no further than a (hagnosis 
of anaimn in other conditions A careful anah sis of the 
gastric contents associated with the clinical evammation of 
the patient enables us in the great majority of cases to recotmise 
the condition present and the treatment which should be 
adopted Of all the methods of in\cstigation into the com 
position of the gastric juice that of the test meal analras 
IS the most important 

The Test Meal The sole difficulty m the procedure lies 
in the wathdrawal of the tc«t meal in reality a very simple 
raanceuiTe The passage of an oesophageal tube is uncomforf 
able but free from pam or danger m careful hands The 
objection of the patient to its passage aanes inversely with 
the tact and confidence of the practitioner 

Tlie meaning of the results obtained by the analysis of gastric 
contents will be discussed later If the ^anc•us precautions 
indicated below are properly observed the results of the analysis 
may be depended upon It roust be very clearly understood 
how ever that these results considered alone are of practicalh 
no value m diagnosis but must be read in conjunction with 
the signs and sy mptoms of the patient It is a most elementarv 
error to suppose that absence of free hvdrochlonc acid in a 
test meal means that carcinoma of the stomach is present 
There are even circumstances m which absence of free acid is 
opposed to the diagnosis of carcinoma A carefully taken 
history of the case read in conjunction vntli the analysis of 
the test meal will usually lead to a correct diagnosis but all 
other methods of investigation should be made use of 

The following is the technique of gastnc analysis — 

(1) Lavage of the stomach It is not necessary to wash 
out the stomach before giving the meal m the majonty of 
cases and indeed a more reliable result is obtained if lavage 
is omitted In cases of obvious dilatation of the stomach vnth 
retention of food the stomach should be emptied and washed 
out with water a few hours before giving the meal 

(2) The test meal should be of a simple character It i 
most important that m any senes of observations the same 
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type of meal should be gi\ en, and that in any smgle obser\ ation 
the nature of the normal result obtamed from such a meal 
should be known The figures given here are those obtained 
from gastric contents after a test meal which is practically 
that of Ewald 

The meal consists of two large cups of tea, with milk and 
sugar if desired, and tw o rounds of toast lightly buttered 

The actual bulk of the meal is unimportant since the 
quantity of gastric juice accommodates itself to the bulk of 
material m the stomach The quantity gi\ en however should 
be considerable in order to facilitate the subsequent with- 
draw al 

(3) Removal oj tkt gastric conienls These should be remo\ ed 
exactly 1 hour after the test meal has been given A clean 
rubber oesophageal tube the outside of which has been 
moistened in hot water is passed gently down the cesophagus 
into the stomach The passage is aided by swallowing move- 
ments on the part of the patient, who may be lying in bed with 
hi8 head propped upon pillows or sitting up Attached to the 
tube by a glass junction should be a second piece of tubing 
terminatmg if desired m a glass filter funnel and the whole 
must he sufficiently long to allow the funnel to be held well 
below the level of the stomach As soon as the tube is m the 
stomach that is to say has passed freely at least 18 inches 
beyond the teeth and the resistance of the stomach wall la 
felt depress the funnel over a clean specimen glass or othei 
receptacle and tell the patient to strain The contents usually 
flow out quite readily If the flow does not commence alter 
shghtly the position of the oesophageal tube by withdrawing 
it a httle or pushing it further in The flow can sometimes be 
aided by flattening out a few inches of the tube w ith the fingers 
of the two hands and releasing first the portion nearest the 
stomach thus creating a partial \acuum to suck the contents 
out It is never necessary to use a pump The strammg 
Tnovemen'tB oS ttie pa\ient aiAcd il necessary by cautious 
pressure of the hand on the epigastrium are sufficient to expel 
the contents It is wise to have a clean wide receiver ready in 
case the stomach contents are vomited during the passage of 
the tube, but this can usually he avoided if the patient is told 
to refrain from strammg tmtil the tube is m its place After 
the contents have been withdrawn the stomach can be washed 
out if such treatment is mdicated 
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Precautions ^11 medicines mu^t ^#e countermanded for 
'5e^e^al hours previous to the gi\ing of the test meal No 
Axater should be added to the test meal, and none passed down 
the tube to start tlie flon of gastnc contents 
(4) The exaiutnahon of the gastnc contents Note the 
amount obtained and the appearance Tlie microscopic 
e\anunation of slides made from the contents is of Uttic value 
The estimations of free hjdrochlonc acid and total acidit) 
are those nhich gue the most important results The\ ma} 
be considered in three stages 

(1) QnaUtatne Test for Free Hydrochloric Acid (Gunzbei^'s test) 
Required Phloroglucm (or resorcin) Phloroglucm is 
usualh emplo\ed, but resorcin works as well and is cheaper 
\ anillin 

Absolute alcohol 

bnnll porcelain dish (about 2 inches diameter) 

Prutciph On evaporating a solution of phloroglucm (or 
resorcin) and %aniUm in absolute alcohol with a small quantity 
of a mineral acid a red colour is formed As b) drochloric acid 
IS the onl^ mineral acid likely to lie present free m the stomach 
contents anj acid detected is almost certainh hydrochloric 
Procedure Filter the gs«tnc contents through a paper 
moistened with water To a knife pomt of phloroglucm (or 
resorcin) and a knife point of vamUm in a porcelain dish add 
Icc of absolute alcoiiol and 1 drop of the filtrate Hold in the 
fingers and heat o\er a %erj small naked flame, this is better 
than heating on a sand bath, as there is less risk of ehamng 
\ ro«e pink colour in the disli js e\ idence of the presence of 
free hydrochloric acid, if this colour is not obtamed, free 
hv drochloric acid is not present 

A reddish brown colour after complete evaporation results 
from ehamng and must not be confounded with the rose pmk 
of a po«iti\e test 

(2) Estimation of Free Hydrochloric Acid 
Required TOpfer s solution a 0 5 per cent solution of pure 
dimethylammoazobenzene m alcohol 

sodium hydrate 

200 c c conical flask 
lOcc pipette 
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Principle. The filtrate from the gastric contents may 
contam a mixture of acid compounds, hydrochloric acid, 
hydrochloric acid in a reversible combination with protein, 
organic acids and acid phosphates The filtrate is titrated, 
usmg, as indicator, Topfer’s solution, which changes m colour 
from red to yellow at about pH 3, that is, well on the acid side 
of neutrality Since hydrochloric acid is fully dissociated in 
solution into hydrogen lon and chloridion the hydrogen ion of 
a solution remains above the change of colour level (and the 
pH below ) and the colour therefore remains red until practically 
all the hydrochloric acid present is neutralised The relatia ely 
weak organic acids which may be present are only partly 
dissociated , when their titration is begun, salts are formed 
which dissociate completely the concentration of the anion 
of the acid is increased The di'^sociation of the acids is 
therefore repressed and the hydrogen ion concentration falls 
below that sufficient to give a red colour with the indicator , 
only small fractions of such acids therefore, are estimated 
The compound of hydrochloric acid and protein breaks up 
to a certain extent and the hydrochloric acid set free is 
estimated as free hydrochlonc acid 
Acid phosphates do not give a sufficiently high hydrogen ion 
concentration to affect this estimation 
Procedure Measure 10 c c of the filtrate into the conical 
flask , add 30 c c of distiUed water and 2 drops of Topfer’s 


solution If the fluid turns red, titrate w ith sodium hydrate 


imtil the colour turns canary yellow without a trace of orange 
The end point is indefinite especially when the amount of 
organic acids is mcreased, but it is surprising how closely the 
results of different workers agree 

If a: c c of sodium hydrate are required 100 c c of the test 
meal contain lOx X 0 00365 grams of hydrochloric acid 
The accuracy of this estimation depends on the amount of 
free hydrochlonc acid present the estimates are always too 
high ow mg to the protein hydrochlonc acid compound When 
the concentration of hydrochlonc acid is high this error is 
relatively small , the amount of organic acid present is small, 
so that the error from this source is relatively very small 
^Vllen, however, the amount of hydrochlonc acid present is 
low, the amount of organic acid present may he greater, and 
the relative error from this source becomes large At the limit, 

ClI^IClL filHOlOOT ”3 
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no free hjdrochlonc acjd ma\ be present, as «5hown b} Gimz 
berg’s reagent, and jet a red colour bo gi\en with TOpftr’s 
reagent uhich may require about I oc of Bodium bjdrate 
before changing to j ellou 

An accurate estimation of the free hjdrochlonc acid present, 
u hen this is small, u oiild require an estimation of the hj drogen 
ion concentration, of the ucik acids present, and a complex 
calculation , it is, therefore, out of the question for practical 
purposes 

(3) Total Acidity 

Required As for (2), and 

PhenolphthaJem solution 0 5 per cent in 50 per cent 
alcohol 

Frxnciph All the acids are estimated by canjang the 
titration to the alkaline side of neutrahtj 

Procedure To the contents of the flask ;n (2) add 5 drops 
of phenolphthalein solution, and continue the titration until a 
definite permanent pmk tinge is produced 

If y c c of sodium hjdrate are used for the titration of all 
the acids m 10 c c of the filtrate that is that u«ed for (1) plus 
thatu«edfor{2) lOy will be required for 100 c c , lOy is called 
the total aciditj of the filtrate 

(4) Further Inxesliyatiom of the Test Meal 

ZltcTOscopie inACstigation has been alrcadj referred to It 
IS remarkable how rarelj anj'thing of practical importance is 
made out bj this means 

Lactic acxd, if present in sufficient amount to give the ordmarj 
tests IS abnormal The presence of lactic acid is practicalh 
alwajs associated with a negatiae Gunzberg reaction and a 
total aciditj of moderate amount, that is from 30 to 40 The 
demonstration of lactic acid in a te«t meal is no real additional 
evidence of carcinoma Lactic acid is commonlv present m 
carcinoma ca«es, as well as in chronic gastritis with diminution 
or ab«ence of HCl 

Total chlorides maj be estimated m gastric contents bj the 
method used for plasma (p 78) The significance and 
diagnostic aalue of aanations of the chloride content are 
disputed 

Pepsin The pepsin content of a test meal is of considerable 

importance and is readilj estimated Pepsin usualh vanes 
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roughlj w ith the -xmoiint of the free HCl nnd the total aciditj 
The amount of pep'^m can le measured bj the following 
method 

Required (1) Edestm solution Dissolve 0 1 gram of edestin 
m a mivture of 30 c c of ></IOHCI and 70 c e of distilled water 
warming if necessarj Keep in the ice chest (2) Saturated 
solution of sodium chloride 

Procedure In a large test tube place 1 c c of filtrate from 
the gastric contents 25 c c of edestin solution and 3 c c of 
distilled w ater Incubate at 37“ C At intervals of 5 minutes 
w ithdraw a small samjile and run into 1 c c of salt solution 
inien the edestm has been digested completely to edeston an 
opalescence no longer appears With a normal pepsm content 
this usuallv occurs in from 10 to 20 minutes 

Blood should not be present in a test meal but maj be found 
m considerable amount m cases of caremomatous and less 
often of simple gastric ulcer Blood m quantity visible to the 
naked eje maj be confirmed hy microscopic examination 
blood in less amount should be tested for b> the method 
described under Faeces (p 380) 

Bth ma> be present m the test meal m cases of jaundice 
and after the performance of a gastro jejunostomj The bile 
pigments should be tested for m the usual w aj 

Fractional Test 3Ieal 

For this test an Einhom duodenal tube or Je s modification 
thereof is passed until the ’»econd mark reaches the patient s 
teeth A sample of about 15 c c of the stomach contents i'^ 
then withdrawn with a sjTinge Without withdrawing the 
tube a test meal is then given consisting of thm gruel made bj 
adding a quart of water to 2 tablesxwonfuls of fine oatmeal 
boiling down slowlj to 1 pmt and straining through muslm 
Samples are w Uhdrawn every quarter of an hour for 3 hours 
After withdrawing each specimen air is injected to eraptj the 
tube 

Tlie samples are examined for free hydrochloric acid and 
total acid as described above and tested for starch by the 
addition of a few drops of iodine solution to each tube 

Isormallj a little hj drochlonc acid — not over 0 07 per cent — 
IS present in the resting juice This is partlj neutralised bj 
the proteins of the meal so that the concentration of hydro 
chloric acid is lower in the next specimen a maximum 

23—2 
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concentration is reached m about IJ hours Tho reaction for 
starch disappears in about 2 houra ou mg to the emptying of 
the stomach ° 

The chief advantage of this method is that the time of 
empt3mg of the stomach can thus be demonstrated and a 
dehjed secretion of hydroehlonc acid which might be misled 
w hen only one sample is taken maj be detected Alto it is 
more easj to detect the presence of mucus bile blood and 
remains of pre\ lous meab this how e^ ery^s due to the meal 
emplojed and not to the taking of repeated samples 

Htstamine Teat 

The injection of histamine which has a stimulating action 
on gastric secretion maj be used as a means of distinguishing 
complete ichlorh^ dna from a tempoMT^ failure A stomach 
tube IS passed as for a fractional test meal the contents of the 
stomach withdrawm and two further samples taken at intervals 
of 10 minutes A dose of 0 7o mgra of histamine acid 
phosphate (»s 0 So mgm histamine) mice of sterile distilled 
water is then injected subcutaneously Samples of stomach 
contents are then w ithdraw n every i hour and exammed The 
maximum increase in HCI excretion usually occurs after 46 
minutes 

Variations in acidity Free HG aanes in normal individuals 
between 0 06 and 0 10 per cent and the total aciditx between 
40 and GO 

A distinction must be drawn between the condition of 
complete achlorhy dna in w luch free hy drochloric acid lo alw ay s 
absent and conclitions in which free hxdrochlonc acid may be 
absent with an Ewald test meal but appears at some time in a 
fractional test meal or those m which free drochloric acid 
may be secreted only m response to an infection of histamme 

Complete achlorhy dna is almost in\ anabh found in cases of 
carcinoma of the stomach The free HCI max be absent 
within a xerj few xveeks or e\en a few diva of the onset of 
sxmptoms It is unfortunateU the fact that an inoperable 
carcinoma may be found m an equally short period In the 
rare form of carcinoma which appears m a patient who gives a 
long and defiiute history of previous attacks of gastne 
ulcer free HG may persist A iKisitive Gunzber^ reaction 
in a patient with a comparativeh short history is \ery 
strong evidence against a diagnosis of gastne carcinoma 
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Carcinoma elsewhere than in the stomach maj in a minontj 
of cases the majority of which are cachectic lead to an absence 
of HCl The total aciditj is practically alwajs low m gastric 
carcinoma The average total aciditj is 26 

In pernicious anemia complete achlorhydria is almost in 
variably present The amount of gastric secretion is scanty' 
and pepsin is present in \ ery small amounts In the microcytic 
anaimias of women achlorhydria frequently occurs and hy^io 
chlorhy dria is tha" rule Achlorhydria may also occur in 
prolonged secondary anaemias 

Achlorhydria AVithout symptoms is not infrequent and often 
runs in families The passage of the food through the stomach 
IS rapid and an Ewald test meal may have to be withdrawn m 
half an hour or less The secretion is very scanty the total 
acidity in the neighbourhood of 10 and pepsin is usually 
absent 

Free HCl is almost invariably absent after a successful 
gastro jejunostomy lias been performed apparently because of 
the neutralisation of the gastric juice by admivturo with 
pancreatic secretion This neutralisation is a most important 
eSect of the operation for the cure of duodenal ulcer In cases 
m which free HCl persists after operation peptic jejunal ulcers 
or a return of the duodenal ulcer may follow 
In cholelithiasis free HCl is frequently absent an important 
diagnostic point between gall stones and duodenal ulcer In 
chronic gastritis free HCl may be absent m the Ew aid test meal 
but the achlorhy dna is usually not complete 

Free HCl may be increased in the following conditions — 
Pyloric and duodenal ulcers are almost invariably accom 
panied by a great increase in the free acid and in the total 
acidity The average free acidity m a senes of cases was 0 17 
and the average total acidity was 69 Exceptionally the total 
acidity may rise above 100 So long as the gastric contents are 
kept neutralised by drug treatment m these cases the symptoms 
disappear and complications are most unlikely to occur 
Simple gastric ulcer is accompanied by a similar but less marked 
increase in the acidity Hie average of the free HCl is 0 13 
and of the total acidity 58 Higher readings are of course 
frequent The acidity commonly falls very low and the free 
HCl may disappear after a considerable hsematemesis The 
fall in acidity is accompanied by an improvement in symptoms 
Hyperchlorbydna or increase in the acidity occurs in the 
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absence of ulceration and ina\ Ije ^e^\ pronounced It raav 
gi\e nse to symptoms which are readily alleviated by the 
adrainistntion of alkalies but max also lie found in apparenth 
health\ persons 

Increase in the aciditv is not uncommon m b\Eterical 
subjects and ma\ lie present in some forms of acute gastritis 
particularl\ of the alcoholic t^pe 

Examination of the \omit The points to be in\ estimated 
in aomited material — without considenng the detection of 
poisons — are the following — 

Blood should he examined for and unless m aery ohiious 
amount tested for hj the method given under Fa?ees Among 
the more important conditions associated with haimateraests 
are cirrhosis of the liver gastric ulcer simple and malignant 
and rareh duodenal ulcer Small quantities of blood in the 
a omit are of little importance and inaa be produced b\ the 
act of vomiting from a tinj ruptured \cssel Larger amounts 
maj come from el'Cwhere as from the nos© or lungs or 
mouth and appear after being siiallowed Profuse hrcmor 
rhage from the ga«tnc mucous membrane ma\ follow minute 
erosions in the absence of macro copic ulceration and is usualh 
accompanied b\ hvperacidit> 

Bih is of little importance and is Iikeh to occur with ana 
form of aomiting if prolonged 

Fiscal vomiting is characteristic of intestinal obstniction 
Tlie vomit is of a brownish black colour resembling that of 
altered blood and of a fjccal odour FTcal xomiting is \era 
occasionalh met with in purelv functional cases and it ma^ 
happen with such patients that the odour and colour of a 
turpentuie or soap enema raav appear m the vomit 

Mucus in laige tough masses maj he seen in the vomit 
m cases of chronic catarrhal gastritis with In-poaciditj It is 
found m the morning vomit of chronic alcoholic patients 
The aciditj of the vomit js jn the majontj of ca«es scarceh 
worth estimating but the expulsion of a quantity of acid 
flmd some hours after a meal is e\ idcnce of ha-persecretion 
The bacteriology of the stomach and duodenum The 
bacteriological exammation of the gastric contents has little 
clmical bearing upon disorders of the stomach In films made 
from the contents bacteria — both cocci and bacilli — are 
numerous but do not grow upon the ordinary metha unless 
the gastne acidity is too low to give a red colour w ith Tdpfer s 
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reagent In cases of acbylia tlw common staphylococci 
streptococci sarcins etc , can be readily cultivated The 
presence of the Oppler Boas bacillus is no longer considered 
diagnostic of carcmoma of the stomach The bacterial content 
may be in\ estigated by passing a sterile tube and washing out 
the stomach with sterde nater A sample of the last washmg 
may be taken for examination 

The duodenal contents may be obtamed after the passage 
of a small tube in the manner advised for the fractional test 
meal After passage of the tube the patient is placed on the 
right side with a pilloai under the lower ribs ^Vhen the 
bulbous end of the tube has passed through the pylorus the 
duodenal contents 'uiU be recognised by the bile staining 
Bacteriological exammation of the contents often yields 
bacteria in both films and cultures and the organisms to be 
particularly examined for are h-eraolytio streptococci which 
maj be present m the normal duodenum Vaccines prepared 
from bacteria isolated in this manner are commonly used but 
are of dubious value 

AllLK 

Analyses of human milk are sometimes required Their 
value IS doubtful as the composition of different samples vanes 
greatly The average composition is fat 2 7 per cent 
protein 1 2 per cent sugar 6 5 per cent 

Fat 

Required 100 c c graduated stoppered cylinder 

Strong ammonia solution alcohol ether and petroleum 
ether 

Pipette made out of glass tubmg drawn out at one end The 
drawn out end is turned up for about J inch 

Prvmple All the fat cannot be extracted directly from 
milk by ^hakmg ^ith fat solvents The fat is therefore con 
\ erted into an extractable form by the addition of ammonia 
and alcohol and extracted with ether and petrol ether The 
fat extracted is weighed 

Method Pipette 10 c c of milk mto the graduated cylinder 
add 2 c c of ammonia solution and 10 c c of alcohol Stopper 
and mix IV ell by inversion Add 25 c c of ether and 25 c c of 
petrol ether JIix well bj gentle inversion Stand for 1 hour 
Read the volume occupied by the supernatant layer Pipette 
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off as large a volume as possible of the supeniatant fluid into 
the Erlenmejer flask using the special pipette and a large 
rubber teat Evaporate cautiously on a water bath or m a 
stream of hot abater, di^ for a short time at lOO'C inano\en 
cool and weigh 

Calculalxon If the volume of the supernatant layer was 
X c c , if y c c were pipetted off, and the mcrease of weight of 

the flask was 2 grams, the milk contained — ~ grams of 

fat per 100 c c 

Protein 

Required 10 cc pipette, 2cc pijiette 

2 c c microburette 

8 X 1 in pjTex test tubes 

Saturated solution of potassium oxalate 

0 0 per cent alcoholic solution of phenolphthalein 

1 per cent alcohohc solution of acid fuclism 

^/10 NaOH 

Commercial formalin 

PT%nc\ple Neutral formaldehyde is added to the milk It 
combines with the basic — NHj groups forming a neutral 
compound and thereby causing an increase of acidity pro 
portional to the amount of protein present 

Method To 10 c c of milk in a test tube add 0 4 c c of 
saturated potassium oxalate solution and 0 5 c c of phenol 
phthalem solution Shake and stand for 2 minutes Add 
N/10 NaOH imtil the colour is the same as that of an equal 
quantity of milk to which 1 drop of alcoholic fuchsm solution 
has been added (this sample may be used for the fat estimation) 
Add a drop of phenolphthalein solution to about 3 c c of 
formabn and add N/10 NaOH to this carefully until a pmk 
colour appears Add 2 c c of this neutral formalin to the 
neutral milk The pmk colour disappears Titrate with 
N/10 JsaOH until the colour again matches the imlL to which 
fuchsin has been added 

Calculation If x c c of N/10 NaOH nre required the milk 
contains 1 74 x grams of protein per 100 c e 
Sugar 

Required As for blood sugar 

Principle As for blood sugar, but owmg to the higher 
concentration of sugar m milk the filtrate must be diluted, and 
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owing to the different reducing power of lactose the calculation 
IS different 

Method Into a small flask run 2 cc of milk, 16 c c of 
distilled ^\ater, and 1 c c of sodium tungstate solution Mi\ 
and add 1 c c of 2/3 NHjS 04 with shaking Shake well, stand 
and filter , the filtrate should be clear Dilute the filtrate 
25 times with distilled water and proceed as m blood sugar 
estimation 

Calcidahon If the standard is set at 20 mm and the 

20 

reading of the unknowm is x the milk contains 2 5 x — X 1 4 

grams of sugar m 100 c c , if standard I was used , twice this 
if standard 11 w as use<l 
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THE PANCREAS— THE LIVER— THE SPLEEN— 
THE PERITONEUM 

THE PANCREAS 

Pancreas Tests of the pancreatic efRciencv other than 
tho'e concerned mth the function of the islets designed to 
detect pancreatitis or oh truetion to the pancreatic duet are 
all unsatisfactor\ WTth deficiency of pancreatic secretion or 
failure of the secretion to reach the intestine the digestion 
of protein and fat is impaired Failure to digest protein ma^ 
be detected hy an increase of nitrogen in the faeces with the 
patient on a diet of known comjiosition but it is u«ual to trust 
to the finding of striated muscle fibres in the fa?ces — when the 
patient s diet contains meat This method wdl detect complete 
absence of pancre<atic juice but its value in diagnosis of chronic 
pancreatitis is doubtful 

Impairment of the digestion of fat leads to an increase of 

neutral fat in the faeces (p 380) Howeaer with variations 
of the amount of fat in the diet great a armtions from the normal 
standards as usualh guen ma> occur ^vlthout any di ease of 
the pancreas and unless the diet is standardised no conclu ions 
can be drawn except from gro».-> abnormalities the e are 
usualh found onl\ when ob«iruction is present and such 
changes can as a rule be detectwl b\ mere inspection of the 
dried faeces 

In acute pancreatitis and sometimes m chronic pancreatitis 
the diastatic index of the plasma and urine (p 320) is greatly 
mcrcased such an increase niay he taken as certain e^ idence 
of a pancreatic lesion but a normal diastatic index cannot he 
regarded as evidence that the pancreas is sound 

A arious te«ts based on the necessity of pancreatic juice for 
the digestion or splittmg of vanoua substances such as salol 
bare proved untrustworthy 

Pancreatic cysts and the methods of testing for enzames m 
them hax e been mentioned in the section on c^ sts (p 280) 
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Damage to the tshls of Langerhans « hich may or may not 
be associated ^\lth disease of the rrat of the pancreas sho^s 
itself bv impainnent of thepow er of mctabolismg carbohydrates 
This impairment maj take the form of frank diabetes mellitus 
or be detectable onlj bj the glucose tolerance test , this test 
should therefore be used when disease of the pancreas is 
suspected 

It IS performed as follows In the morning the patient who 
has taken nothmg but w ater since the prev lous evening is bled 
for sugar estimation then drinks 50 grams of glucose dissoh ed 
in JOO c c of water and flavoured with tartaric acid He is 
bled again after ^ hour and after 2 hours With children the 
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dose of glucose should be retluced to 0 5 gram per pound of 
body weight 

The blood sugar normally rises as show n (A^ Ag Ag) m Fig 
26 The height of the peak is aanable but the blood sugar 
almost always comes down to or below the fasting level in 
2 hours As IS usual with efficiency tests the results obtained 
AMth any patient are rarely quite so uniform as those with 
perfectlj normal persons and the variations as shown here are 
greater than can be considered strictly normal 

With various degrees of reduction of the pow er to metabolise 
glucose (lowered carbohydrate tolerance) curves such as 
Bj Bg Cl Cg Cg Di Dj Dg are obtained The maximum is 
higher and reached later than in the normal curves and the 
return to the fasting level is delayed be;yond 2 hours 
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Such cur\es are obtiincd not onh in ca«es of diabetes 
iiiellitus but ako in di«ea«e^ of the glands of internal secretion 
Inperpitmtinsm exophthalmic goitre (C, Cj C 3 ) m^xtede^la 
(Bj Bj) frequentiv al o in old age (Bj Bg B 3 ) hence the 
common occurrence of one form of alimentary glucosiiria Tim 
latter term is one that causes confusion as it is used for a 
gljcosuria due to c\ccssi\e intake of carbohj drate diminished 
power of metabolising carbohydrate or low renal threshold 
ith renal gh cosuria a normal or low cury e such as Ej E, 
nny be obtained 

Tlie unne may be collected m 1 hour samples durmg the te«t 
and examined for glucose 

Increased sugar tolerance &ho\m by a low cur\e (Ej Ej Ej) 
IS sometimes found m hjTiopituitansm (Frohbch s sjudrome) 

Apart from the diagnosis of frank cases of glvcosuna this 
te*t 13 of yalue in clearing up doubtful cases with some real or 
alleged reducing substance in the unne If the patient has a 
low threshold or a sbghtly reduced tolerance leading to shght 
or intermittent gh cosuria the condition will be made mamfest 
by this test and two of the possible conditions can therefore be 
diagnosed or excluded 

Liyer function tests It might be expected that several of 
the functions of the liver would lend them-sehes to efficiency 
tests but actually onlv two tests appear to gne useful mforma 
tion these are the lojrufose tolerance test and the excretion 
of phenoltetraehlorpbtbalem The latter is so dangerous owing 
to the frequent occurrence of thrombosis following intravenous 
injection that it cannot be reconmiended the Jess toxic dye 
bromsulphonephthalein appears to giye less indication of the 
state of the by er 

Lavuloae tolerance lest This is done m the same yray as the 
glucose tolerance test but mstead of glucose 4o grains of 
Isvulo^e are given In normal persons the rise of blood sugar 
is slight (Aj Aj A 3 Fig 27) and an mcrea'»e of 0 03 per cent or 
more is evidence of bver damage (B, B. Bj) wath seyere 
damage much greater increase may be found (Cj Cj C 3 ) 

It IS es'iential that the hevulo^e u^ed should be pore It 
must be remembered that m conditions in yvliieh the glucose 
tolerance is reduced abnormal curyes will be obtained ynth 
l-evulose also yy hether the hver is damaged or not 

Urobilin WTien excessiye formation of bilirubin such as 
occurs with increased breakdown of red blood corpuscles can 
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be excluded the pre'ience of nrobilxn lu abnonnal amounts in 
the urine maj be regarded as evidence of liver damage as 
can also excess of bilirubin in the plasma, nhen excessive 
formation of this pigment and obstruction of the bile passages 
can be excluded 

Tyrosine in unne In acute jellow at^oph^ of the liver and 
in phosphorus poisoning excess of leucine and tyrosine may be 
found m the urine 

The presence of excess of tjTOsm in the urine uhen no 
crj stals are found can be detected as follou s Take 200 c c 
of urine and remov e coagolable proteins if present by boiling 
and filtering Add basic lead acetate solution 5 c c at a time 
uith shaking until no further precipitate forms — this removes 



the urinary pigments and other substances Let stand over- 
night filter Pass HjS through the filtrate to precipitate lead 
and filter off the precipitate Ev aporate the filtrate to a small 
bulk on a water bath If over 0 5 gram of tyrosm is present 
per litre crystals will separate out on cooling These can be 
identified by heating with water and adding a few drops of 
Alillon B reagent to the hot solution which becomes rose- 
coloured. m. the presence of tyrosm. 

In cases of biliary obstruction the patient is, as a rule, 
obviously jaundiced and the condition may be confirmed by 
the demonstration of bile pigment m the serum The pigments 
may also be present m the imne, and if obstruction is complete, 
absent from the stools The serum in cases of biliary obstruc 
tion 18 often markedly bile tmged at a period w-iien clmical 
evidence of jaundice is lackmg 
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Puncture of the liver is occacion'iiU performed ui ca‘j?s of 
suspected liver abscess or of hydatid cjst Except during the 
course of an operation, puncture oftholiv or should be perfonued 
cautiously and only in the area of an evidently superficial 
tumour A fine hy’poderraic needle should be used The fluid 
vv ithdrvvv n from a tropical abscess is \ ety typical in appearance, 
havnng a considerable r^emWince to anchovy sauce Unless 
a secondary infection has occurred the fluid is odourless 
Ammbaj should be looked for m fresh preparations of the fluid, 
but are rarely detected, since they seem to be mamU confined 
to the lining ■wall of the abscess After the abscess has been 
opened and drained, the amcebse are likely to appear on the 
second or third day The methods of detecting amoebi? in the 
stools should l>e applied in the examination of ‘ pus ” from the 
liver Dried films made from the pus shovi little besides 
necrotic cells and amorphous debris Cultures are almost 
invariably sterile 

Tile nature of the fluid of a hydatid evst has been described 
in the section on puncture fluids The characteristic hydatid 
hooklete should aluai's be sought for 

Bile IS occasionally obtained bv puncture, through the 
abdominal wall, of a dLstended gall bladder , it is more 
frequenth and justifiably received m the laboratoiy from the 
operating theatre In cases of distension of the gall bladder 
due to a calculus impacted in the cystic duct, the fluid is often 
colourless or merely tinged with bile pigment, proteins are 
scantv and mucin is usually present in considerable amount 
If no distension of the gall bladder is present the normal bile 
IS greenish in colour and of a giveenne bke consistence ttlien 
inflammation is present or gall stones are found in addition, 
the bile may be either paler or darker in colour, and is almost 
always more syTupy and ropv inconsistence More rarely the 
gall bladder may be filled w ith pus, and actual gangrene of the 
walls may he present The bile m such cases should be 
examined by cytological and cultural methods Gall stones 
if present should 'Oe cultura’lly examined and Idieo- confjJUS'AiOTi 
investigated 

In about JO per cent of cases w ith gall stones the bladder is 
found to be sterile, and formeilv considerable importance was 
attached to the antiseptic properties of the bile in preventing 
the spread of organisms from the alunentary tract 

It IS probable that the anti«>e|itic action of the bile salts is 
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of importance, but ifc has little effect upon organisms of the 
colon and typhoid groups The antiseptic action of the bile 
IS diminished under vations pathological conditions, and 
organisms other than those of the coli typhoid group maj be 
found 

The following are among the organisms commonly met with 
in the gall bladder — 

The bacillus coh is the oiganisin most frequently present in 
inflammatory conditions of the gall bladder either alone or in 
association w ith gall stones There is no difficulty m recovermg 
and identifjnng it in cultures made from the bile by the ordinary 
methods 

The typhoid bacillus may be present m the gall bladder 
many y ears after an attack of typhoid fe\ er The association 
of typhoid fe\or with the subsequent production of gall stones 
IS well knowTi The detection of tyqihoid bacilli m the gall 
bladder is of great importance apart from the production of 
calculi since the latency of the organisms in this situation js 
probably responsible for the majority of instances of typhoid 
earners The organisms readily pass dowm the intestinal tract 
and are excreted in the fseces Such a typhoid carrier occupy 
ing the position of a cook or a domestic servant is a serious 
menace to the community with which he or she is associated 
The detection of ty^phoid bacilli in the bile is a simple matter, 
if the bile is available during an operation for gall stones 
Typhoid carriers can otlier^vise be recognised by the detection 
of the bacilh in the stools and by examination of the serum for 
the presence of typhoid agglutinins 

Sirepiococci staphylococci and much more rarely pneumo 
COCCI are among other organisms which may be obtained in 
cultures from the bile 

Gall stones may be either single or multiple if multiple 
they are usually faceted They may be found in the gall 
bladder cystic duct or common duct or they may have 
escaped into the mtestine Barely thev may have ulcerated 
through into the peritoneal cavity or through the anterior 
abdominal wall Exceptionally small calculi may be found in 
the finer hepatic ducts in the substance of the li\ er The great 
majority of gall stones consist mainly or entirely of cholesterol 
Pure cholesterol calculi are of a translucent yellow colour and 
very light The stones not infrequently contain in addition 
to the cholesterol varying amounts of biliary’ pigment either 
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bilirubin or bi!i\erdin More rarelj Bmall cilcvh are found 
consisting entirely of bilivcrdm or bilirubin wth a small ad 
mixture of calcium Calcium carbonate and phosphate calculi 
are common in some animals, but ver} rare in man 

Analysts oj Gall stones 

Powder the stone Shake some of the powder with ether 
Pipette off the ether and eiaporate in a dish on a water bath 
Test the residue for chdesteroi as follows — 

(а) Redissolve some of the residue in ether Allow a few 
drops to evaporate on a slide, and examme for needle shaped 
CT} stals of cholesterol 

(б) Dissol\e another portion tn alcohol and evaporate on a 
watch glass Examine for cholesterol crj'staN— rhombic plates 
notched at the edges 

(c) Dissolve another portion in about 2 c c of chloroform 
m a dry test tube , add05cc of acetic anhydride and02cc 
of pure strong sulphuric acid A bluish green colour shows 
the presence of cholesterol 

If anj residue is left after ether extraction add to it dilute 
h^d^ochIoTlc acid If carbonates are present effervescence 
occurs Heat , Biter off anj insoluble residue and make the 
filtrate alkalme w ith strong ammonium hydroxide A precipi 
tate wall form if phosphates are present Acidifj with glacial 
acetic acid , phosphates if present will redissolve Add 
ammonium oxalate solution , a preapitate shows the presence 
of calcium 

Dis<ioIve another fiortion of the residue m strong nitnc acid, 
add exce‘5s of JO per cent ammonium molybdate solution and 
boil a jellow precipitate shows the presence of phosphates 

The pre«ience of a small amount of bile pigment m cholesterol 
stones is shoivn bj a jellowish brown colour The large 
amounts in biliver^ calcium atones give them a greenish 
black colour. 

The bacteriological in-vestigation of gall stones is conducted 
as follows — 

If the stone has been removed by the surgeon from the bile 
passages and placed direct m a sterde receptacle no preliminarj 
treatment is necessary If, however, the surface of the stone 
has become contaminated it should be placed on a clean dish 
and washed repeatedlj with stenle water The stone is then 
placed m a sterile mortar and crushed Culture tubes are 
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inoculated with portions of the crushed calculus The remainder 
can be used for chemical anal3mis 

The bacteria found in gall ston^ are precisely similar to 
those present in the bile A considerable percentage of gall 
stones, however, are sterile 

THE SPLEEN 

Tumours in the left hypochondnum continue to furnish the 
chnician vith mteresting problems for diagnosis If such a 
tumour be present several pathological investigations may be 
necessary 

It IS not intended to imply that all these m\ estigations should 
be performed in every case of splenic enlargement The 
chnical examination of the patient will almost always indicate 
which mvestigation is necessary 

Examination of the cells of the blood In all cases of splenic 
enlargement some examination of the blood must be made, 
and this in a high percentage of cases will establish the 
diagnosis 

In mjeloid leukaemia, among the primary blood diseases, 
there is almost alu ays a considerable enlargement of the spleen, 
and the enlargement is often so great that the spleen comes to 
occupy more than half of the abdominal cavity 

In lymphoid leuksmia the spleen is as a rule moderately 
enlarged, but occasionally the enlargement is insufficient for 
detection by clinical means 

In pernicious ansemia the spleen is enlarged and commonly 
of such a size as to be just palpable 

Enlargement of the spleen from any of the above three 
causes is readily recognised by the ordmary exammation of the 
blood 

In chlorosis there is no evident enlargement of the spleen, and 
if considerable splenic enlaigement is present uith an anasmia 
^of the chlorotic type some other cause for the splenomegaly 
must be sought 

In erythraimia a considerable mcrease m the size of the spleen 
IS usual Patients with this condition are, as a rule, cyanosed, 
and the blood shows great excess in the number of red 
cells 

Enlargement of the spleen m small children may be 
associated with active nchets or with congenital syphilis, and 
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mth little change in the blood count , or the«e diseases may be 
absent and the blood shon the pronounced, if vanable, change 
of the splenic ana?mia of children 
Occasionallj marked enlargement of the spleen in children 
ma^ occur in the absence of other olivious disease or of changes 
in the blood 

In primarj splenomegalj or splenic aniemia of adults, and 
in Banti s disease, the size of the spleen is usually very con 
siderable, and maj even n\al that found m mjeloid leuka?inia 
The changes m the bloo<l in this condition are not diagnostic, 
but if a considerable aniemia of the secondary type is ateent 
and there is no leucopenia, the diagnosis of pnmarj spleno 
megalj is probahlj mcorrect 

In h»mol}’tic icterus the size of the spleen is considerable 
The condition may bo rec<^nised b} the abnormal fragility of 
the red cells m dilute saline 

In acute inflammatoiy conditions a slight enlargement of the 
spleen is frequently met with The blood shows an increase 
in the total leucocytes, with a relatne increase in the poly 
morphonuclear neutrophils and large hyalines 
Examination of the blood serum The moilerate enlarge 
ment of the spleen which occurs in typhoid fever, and the more 
marked enlargement present in Malta fever, may be confirmed 
b\ the demonstration of the specific agglutinins m the serum 
Enlargement of the spleen is often considerable in congemtal 
syphilis and m the amyloid degeneration which may follow 
congemtal or acquired syphilis The spleen mav be palpable 
in the secondary stage of syphilis A positive Wassermann 
reaction ^vlll be found in the serum 
The parasitology of the blood Definite enlargement of tie 
spleen may follow infarction m the course of infective endo 
carditis, and the nature of the disease may be established by 
cultivation of the blood In relapsing fever the spinlhim is 
present m blood films In malaria a moderate enlargement of 
the spleen is usual, and the parasites can nearly always be found 
m film preparations The enlargement of the spleen which 
aecompames malaria may exceptionalh persist for a con 
siderable time after the patient has left the malanal distnet 
m such cases no parasites may be found in the blood A aery 
considerable enlargement of the spleen without the typical 
signs of malaria and in the absence of malarial parasites m the 
blood 13 probably due to some other cause A past history of 
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malaria is not necessarily the explanation of a tumour in the 
left hypochondrmm 

Spleen puncture should be performed in cases of splenic 
enlargement which may possibly be the result of kala azar 
The puncture is without nsk if performed with a fine hypo 
dermic needle Sufficient matenal can usually be withdrawn 
to demonstrate the Leishman Donovan bodies 

The urine must aln ays be carefully examined in all cases 
of tumour in the left hypochondrium A renal swelling on 
clinical examination may very closely resemble an enlarged 
spleen and the detection of pus m the urine may ser\e to clinch 
the diagnosis If the spleen is entailed from amyloid disease 
the kidneys v ill probably also be affected and the urine will 
contain albumin often in considerable amount 

Cirrhosis of the liver is often associated with a hard and 
palpable spleen The diagnosis as a rule is readily made on 
clinical grounds 

Hodgkin s disease is frequently associated with a splenic 
enlargement v. hich may bo considerable None of the examine 
tions just described are likely to throw any light upon the 
diagnosis A general enlai^ement of the glands however is 
nearly ahvays present and it is justifiable to remove a single 
superficial gland for histological investigation 
Tuberculosis particularly of the generalised glandular type 
may lead to considerable splenic enlargement Laboratory 
investigations m the absence of a satisfactory complement 
deviation test for tuberculosis are mainly negative The 
diagnosis is often arrived at by a process of exclusion and 
commonly rests between tuberculosis and Hodgkins disease 
Tumours of the spleen whether primary or secondary are 
extremely rare Cysts of the spleen and gummata of the 
spleen are likewise in the nature of pathological curiosities 
Renal tumours tumours of the stomach or mtestme and 
tumours or cysts of the omentum mesentery pancreas or 
ovary may all closely resemble splenic tumours on physical 
examination 

It IS evident that a large number of diseases may be accom 
panied by splenic enlargement In the majority of them 
however the pathological condition is fairly obvious on clinical 
grounds and the enlargement of the spleen is of secondary 
importance Particularly is this the case in slight enlarge 
roent of the spleen to palpation Great enlargement of the 



312 THE PERITONEUM 

spleen is rare and the most usual causes are myeloid leukicraia 
splenic anaimia kala azar the splenic anajmia of children and 
chronic Ijmphoid leukemia The«e diseases can nearly always 
be recognised b^ a blood exammation or spleen puncture 
■Moderate enlargements of the spleen are more difficult of 
diagnosis and the commonest causes are tuberculosis Hodgkms 
disease and in children congenital 83'philis and rickets 

THE PERITONEUM 

The cellular nature of pentoneal exudates has lieen 
sufficiently indicated in the sect on dealing with puncture 
fluids The bacteriological examination of caudates obtained 
at operation maj be further considered in reference to the 
abdominal lesion responsible for the inflamed pentoneum 

Gastric ulcer Perforation of a gastric ulcer may lead to a 
localised abscess or to a generalised peritonitis A number 
of different organisms mav be found m the exudate but in 
the majority of cases the bactenum which predominates in 
film preparations and often m cultures is a streptococcus 
usualh of the vindans type The predominance of a strepto 
coccus in cases of perforated ulcer helps to distinguish them 
from lesions lower in the gut where the exudate is almost 
entirely bacillary A similar streptococcus is often present in 
the pus of a pcnnephric abscess It must not be supposed 
that the presence of a streptococcus in the peritoneum m a 
case of perforated gastnc ulcer indicates that the ulcer was 
due to streptococcal inflammation Streptococci of a similar 
nature may be found frequently m tbe gastnc contents m tbe 
absence of ulceration and whatever may bo the cause of 
gastric ulcer the effect of jierforation is to give to the organisms 
which may have been in the stomach access to the peritoneum 
The same warmng must be applied to all bacteriological findings 
in pentonitis following Msceral lesions Among other 
organisms which may be found in this condition are 
staphy lococci and 5 coU 

Duodenal ulcer The bactenol(^y of the peritoneum after 
perforation of a duodenal ulcer is similar to the foregoing hut 
streptococci ate comraonlv and staphylococci and colon 
bacilli more eommonlv met with 

The ileum Tbe most important vancti of perforation of 
the ileum is that which follows a typhoid ulcer the most 
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common site of perforation being within the last foot of the 
ileum Failure to find the typhoid bacillus in the-se ca<?es is 
common, and is no evidence against the specific cause of the 
intestinal ulceration Colon bacilli, staphylococci and strepto 
cocci are recovered more frequently than the typhoid bacillus, 
and possibly in the majority of cases take a greater share in 
the peritoneal inflammation Similar organisms (with the 
exception of B typhosns) are found m the peritoneum after 
perforation of the ileum from injury or other causes 

The appendix In cultures made from the lumen of an 
inflamed appendix, from a localised appendix abscess, from 
the general peritonitis accompanying a diseased or perforated 
appendix, and from the residual and remote abscesses which 
may follon appendicitis the predominant organism found is m 
the great majoritj of cases the colon bacillus It is open to 
doubt, however, whether anythmg approaching this proper 
tion of appendicular inflammation is produced bj the same 
organisms which cause the peritonitis There is no evidence 
of any specific cause of appendicitis, and it is possible that a 
variety of organisms may be responsible and that as soon as 
a communication has been established beti\een the lumen of 
the gut and the peritoneal cavity the colon bacillus rapidly 
multiplies and takes the predominant share in the subsequent 
peritonitis There is abundant evidence that the colon 
bacillus m pure culture is able to set up a virulent peritonitis 
In addition to the colon bacillus other organisms are frequently 
present m film preparations long, tlim and sometimes 
beaded bacilli are often found and are probably the cause of 
the offensive smell so often met with in the pus of an appendix 
abscess These organisms do not grow in aerobic cultures, and 
not always under anaerobic conditions They are probably 
identical with the organisms found in stinking empj emata and 
in some cerebral abscesses, and their role appears to be mainly 
that of saprophytes Their normal habitat is the alimentary 
or respiratory tract Staphylococci and streptococci are 
commonlj met with m film preparations in association with 
the colon bacillus, particularly in localised appendix abscesses 
They may also be isolated m culture and are occasionally 
present m pure culture Tbe bacdltis pyocyaneua is less 
frequentlj met with, but may be obtamed m pure culture 
Lesions of the large intestine may originate a pentonitia 
as after perforation of a simple or a malignant ulcer The 
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organises found m the pentoneal exudate are of much the 
same tj pc as tho'ie met w ith in appendix cases 
The pelvic organs in the female mav cau-c peritonitis 
following suppuration in one of them A p^osalpinx rarelj 
ruptures, but when it does peritonitis usually follows The 
pus IS almost invariably sterile, but very occasionally the 
gonococcus can be identified in film preparations after con 
siderable search Recovery' in such cases is the rule 
In the ca«e of suppuration in ovarian cysts or tumours a 
pentomtis of the ordinary type is set up, and colon bacilli, 
streptococci, and staphylococci are found in the exudate Not 
infrequently the pneumococcus is isolated in pure culture from 
the pus in the neighbourhood of an ov arian abscess, and the 
prognosis appears to be favourable 

Post-operative pentonilis is now fortunately of rare occur 
rence but even in the most careful hands occasional instances 
of operative infection occur In the pus of such cases the 
streptococcia htsmolyitCM may be isolated m pure culture and a 
rapidly fatal course is to be expected Lc-«s virulent staphylo 
COCCI are found in some cases, and in others colon bacilli or 
S pyocyannis 

Intestinal obstruction The commonest vanctv of intestinal 
obstruction is that which follows strangulation of a hernia In 
cultures made from the general peritoneal cavntv staphylococci 
are frequently obtained, and le«s commonly colon bacilli Tlie 
more damaged the gut, the more frequently are colon bacilli 
obtamed and the more serious is the progno‘!is A con 
siderable amount of free fluid is often found in the hernial sac 
In the majority of such cases this fluid is quite clear, contains 
few cells other than endothehals, and cultures from it remain 
stenle If the gut in the sac is gangrenous, organisms are 
more bkely to be obtained in culture 

In cases of obstruction due to other causes the probabihty of 
obtaining stenle cultures &x)m the peritoneum depends upon 
the cbromcity of the proce*a The more acute the case, the 
more commonly are oiganisms found 

“ Idiopathic pentomtis ” This term was formerly applied 
to cases of pentoneal inflammation without anv recognisable 
focus m the mtestme An important organism met with in 
such cases, and often m pure culture is the pneumococcus 
Pneumococcal mfection of the peritoneum is more common 
in children t b s p m adults, and females are more frequently 
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affected than males A pneumococcal infection of the lung 
may be present, but more commonly no such local focus is 
found, and the organism appears to ha\ e entered the peritoneum 
from the general circulation In young girls the pneumococci 
possibly enter bj u ay of the genital tract The organisms may 
be present in pure culture in the interior of the uterus, and are 
among the causative bacteria to be met with in cases of ovarian 
suppuration 

Streptococcal peritonitis due to causes other than intestinal 
may develop as a termmal infection in several chrome diseases, 
of which chronic nephritis is the most common Peritomtis 
may also develop as part of a general streptococcal septicajmia 
with a primary focus elsewhere More rarely a streptococcal 
peritonitis may be pre<»ent os a local disease and without any 
traceable source of infection 

The prognosis in those cases m which pneumococci are 
found m the peritoneum is much more favourable than those 
associated with streptococci The streptococcal cases are 
almost invariably fatal 

Tuberculous peritonitis. In tuberculous peritonitis with 
effusion the fluid is commonly quite clear, and the predominant 
cell is a small IjTuphocj'te Mixed cellular fluids are, however, 
common in the peritoneal cavity, and a percentage of lympho- 
cytes 13 found m other than tuberculous conditions Secondary 
infection of a tuberculous peritonitis is fairly frequent, and the 
fluid may be turbid or purulent and contam a considerable 
percentage of polymorphonuclear cells Staphylococci are often 
found in cultures taken from such cases 

Tubercle bacilh are usually difficult to find, but may be very 
numerous, and should be sought for by the ordinary methods 
If the bacilh cannot be found the fluid can be proved to be 
tuberculous by injection into a gumea-pig 
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It is remarkable ho%\ much the clinical im cstigation of the 
faces has fallen behind the phjsiological knowledge of the 
excreta Notv. ithstanding the interest attached to numerous 
intestinal disorders and the importance attributed to the con 
dition knowTi as intestinal tox-omia, the usual investigation of 
the stools consists of little more than a perfunctorj inspection 
The main reason of this neglect is that ^e^J few simple clinical 
investigations ate known to tlirow any direct light on the 
condition of the patient Elaborate chemical analyses of the 
excreta require that the patient should be dieted in a manner 
impossible in the ordinary hospital ward, and the analj-ses 
themsehes are too prolonged for ordinarj routine work A 
certiin number of minor inxestigations, however, such as are 
within the scope of eierjdaj work, are of considerable use m 
some diseases and esscntnl for diagnosis in others 

Such methods of examination as are given here are divided 
into naked*eje, chemical, microscopical, and parasitological 
investigations 

In most mvestigations it is advisable that the ordinary 
stool of the patient should be examined when available, and 
not the stool which follows the admmistration of a purgative 
or the giving of an enema 

The Naked-e>e Investigation 

The amount and the appearance of the fioces natural!} vaiy 
tonsiderabl} m bea\th The <juant\t> parsed b> a healthy 
man on an average diet in the 24 hours is said to be about 
loO grams 

The colour of the stools is very variable, and the colour m 
health is due to the presrace of the pigment stercobilm 
Stercobibn is lerj similar to the unnarj pigment urobilin, 
and is considered to be identical with it The two bodies give 
the same chemical tests TJrobiliii, or a x erj similar sub 
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stance can be artificially produced from bile pigment and 
there is little doubt that the stercobilm of the fceces is formed 
from bilirubin m the abmentaiy canal Unaltered bile pigment 
m never present in the faeces m health The colour of the 
faeces may be darkened by an excess of stercobibn or after 
the taking ofmedicmes containing iron manganese or bismuth 
The blackening of the stools as the result of drugs is due to the 
formation of the sulphides of the metals m the alimentary 
tract Blood coming from the loner part of the bowel may 
be of the usual red colour but if from the upper part it is 
black and the stools resemble closely those which follow the 
takmg of iron or bismuth and can only be distmguished by 
a chemical exarmnation Green stools maj under abnormal 
circumstances be due to the presence of unaltered bile pigment 
Yellow stools follow the adimnistration of senna santonin 
and rhubarb The colour of the feces is lost if the bile is 
prevented from entenng the mtestinal canal and the charao 
teristic clayey stools ofjaundice are passed Light coloured 
stools due to a diminution of stercobibn are passed m various 
conditions associated with diarrhcea They do not necessarily 
contamen excess of fat but cannot be distinguished by the naked 
e>e from the fatty stools suggestive of pancreatic disease 

The odour of the feces is due mainly to the presence of 
indole and scatole The offensiveness vanes with the nature 
of the food — being much greater with a meat than a carbo 
hjdrate diet — and with the amount of intestinal putrefaction 

The consistence of the stool naturally passed is of great 
importance The formed stool of health is replaced by the 
more or less watery evacuation of diarrhcea from a large 
number of causes An unformed stool in an adult on an 
ordinary diet is always abnormal irrespective of the number 
of the motions in the 24 hoars 

Abnormal Ingredients 

Numerous abnormal substances in the stools can be detected 
by the ordinary inspection In cas^ where abnormal sub 
stances are to be expected the examination is greatly facibtated 
by repeatedly washing the stool m tap water through a fine 
sieve and inspectmg the residue The followmg are among 
the abnormal substances to be looked for 

The larger animal parasites are easily detected with the 
naked eye Thej have been descnbed previously (p 163) 
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Mucous shreds and mucous cists are of considerable 
importance ind are reitlil} J5cen m the residue of the stool 
floated m A\ator Thej are commonly met luth in numerous 
lanetics of colitis and consist as a nile of thm ragged mem 
brancs of \ an ing size composed of mucin and fibrm Laige 
mucous casts of the alimentarj tract are less commonh seen 
and maj appear as long tnisted strands uhich bear some 
resemblance to tape norms The strand-s are not regularh 
segmented and should be readih distinguished from parasites 
Portions of undigested food and particularlj orange and 
banana fibre closel} resemble mucoid slireds but can be 
differentiated under the microscope llanana fibres baa e some 
microscopic resemblance to norm segments filled mth ova 

Shreds of epithehum and rarely particles of malignant 
growth may be met with and should he reserved for micro 
scopical evammation 

Pus and blood ma\ be present m amount obvious to the 
naked eye but in nearly all cases the macroscopic evidence 
should be confirmed by other means 

Gall stones are to bo carefulh looked for in ill suspicious 
cases and are readily cvtracted from the fTccs bj the sieve 
process desenbed above Gall stones have to be distinguished 
from sev balous particles of foces and after u ashing in water 
they must be chenucaJlt te«ted for cholesterol Cholesterol 
IS normally present in the f-eccs but a solid macroscopic object 
in the faeces consisting almost entirely of this substance la 
eertainlj derived from the gall bladder Faecal concretions 
are as a rule more friable and pultaceous contain very httle 
or no cholesterol and often a considerable amount of carbonates 
or phosphates 

Intestmal sand is occasionally pi’^sed m considerable amounts 
m some forms of cohtis True intestmal sand is of a brownish 
colour and is composed mamly of calcium carbonate and 
calcium phosphate Cholesterol is absent The colour is due 
bdft FaLe intestmal 

sand consists as a rule of particles of undigested vegetable 
fibres and most commonly follows the mgestion of pears 

Chemical Examinations 

The reaction The reaction of the stool to litmus paper has no 
particular significance Thenormal stool mav be either famtly 
acid or famtly alkalme ilarked aciditv or alkalmity isabnormal 
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Stercobilm is probabh identical with urobilin and can be 
detected in the fa?ces as followb — 

Extract about 3 c e of f'eces or preferably about 0 5 gram 
of dried fseces in a test tube with ether Pour off the ether and 
extract the residue with 5 c c of alcohol containing 2 drops of 
strong hj drochloric acid If stercobilm is present the extract 
will be brown and show an absorption band in the green 
Neutrahse the extract with ammonia In another tube shake 
about 0 6 gram of zinc acetate w ith 5 c c of alcohol SIix the 
contents of the two tubes well bj pouring from one to the 
other Stercobilm will give a pinijsh solution which shows a 
green fluorescence against a dark background This zinc 
acetate test is not so satisfactory as that for urobilm in urine 
Stercobilm is absent m cases of complete occlusion of the 
bile ducts It is present if the occlusion is incomplete however 
deeply jaundiced the patient maj be The test is thus a 
satisfactory one for the demonstration of complete occlusion 
of the bile ducts 

Bile Bile pigment is normally absent from the foeces It 
IS present in some cases of diairhcea and traces are found in 
conditions associated with jaundice 

Bile pigment ma^ be tested for by Gmelin s test applied to a 
waterj mixture of the faeces or a particle of fa?ces may be mixed 
with a concentrated solution of mercuric chloride covered and 
allowed to stand for 24 hours The normal stool coloured bj 
stercobilm turns red If bile pigment is present green particles 
appear 

Bile acids may be tested for as follows — 

Extract the faeces with alcohol Dissolve the residue in 
dilute caustic soda and perform Pettenkofer s test thus — 
Dissolve a fragment of cane sugar m the solution of the 
residue in a test tube 

Run m about 5 c c of concentrated sulphuric acid to the 
bottom of the tube and gently shake 

A slowly de\ eloping purple colour forms from the bne of 
junction of the two fluids 

Excess of cane sugar m the mixture must be avoided since 
it is charred by the acid and so masks the reaction 

Blood Pigment Blood present in considerable amount 
and coming from the lower part of the tract may be detected 
by the microscope or bj its spectrum 

Blood in small amount or from the upper part of the tract 
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cannot be recognised under the microscope, and is best 
examined for by one of the tests for so called “ occult ” blood 
B) occult blood js meant blood present m minute traces, such 
as may come from an oozing gastric, duodenal, or malignant 
ulcer Various delicate tests capable of revealing veiy minute 
traces of blood are emplojed and are of some assistance in the 
diagnosis of alimentarj conditions associated u ith hemorrhage 
Before performing such a test it is necessary to put the patient 
on a blood free diet for 48 hours 

Bemidint Feacticm for Blood Pigmmt 
Required (1) Benzidine (2) Sorlium perborate It is con 
vement to use the tablets, which can now be bought, containing 
0 1 gram of each (3) Glacial acetic acid 

Procedure Grind one of the tablets and dissolve m a mixture 
of 5 c c of glacial acetic acid and 5 c c of water Filter 
Place 2 drops of the filtrate on a clean slide To one of the 
drops add a platinum loop of the material to be tested, if it is 
fluid, or of the material rubbed up with a little sabne, if it is drj 
If blood IS present a green colour appears in this drop in less 
than 1 minute, the time of appearance depending on the 
amount present The second drop serves as a control 
This test for blood maj be applied to other materials— unne, 
test meals, suspected blood stains 
Fat The neutral fats, that is gUcendes of the higher fattj 
acids m the food are split bj the Lpase of the pancreatic juice 
into glycerol and fattj acids Some of the fat escapes splitting, 
and some of the fatt^ acids formed are not absorbed, and 
parti} combine w^th bases to form soaps , this unspht fat and 
unabsorbed fatt} acid and soap appear in the feces The 
three forms can be estimated sufficient!} accuratel} for clmical 
purposes b} Cammidge’s method 
Required 

Two Schmidt-^Vemer tubes 
Two25cc conical flasks 

Ether, alcohol, ^ alcoholic sodium hydrate 
Hydrochloric acid, 1 part m 2 parts distilled water 
Phenolphthalem solution 

Principle The neutral fata and free fatty acids, which are 
soluble in ether, are extracted from the faeces, which have been 
dried on a water bath The ether is erapomted and the 
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extracted fat and fattj acid neighed This extract is then 

N 

dissolved in alcohol titrated with alcohohc sodium hydrate 

and the weight of free fattj acid reckoned as stearic acid is 
calculated from the titration figure The neutral fat is gi\ en 
bj difference Ihe fattj acid of the soaps is split off by 
heating with hjdrochlonc acid and extracted together mth 
the neutral fat and free fatty acid as before and weighed 
Bj subtracting the neutral fat and free fattj acid the n eight 
of fattj acid combined as soaps is obtained 

A certam amount of substances resembbng cliolesterol are 
extracted iMth and bebaxe as neutral fat so that the figure 
obtained for neutral fat is actuallj too high 

Procedure. A sample of the usual stool is taken the patient 
being gix en an ordmarj mixed diet 
The fceces are placed in a porcelam evaporating dish and 
heated over the Mater bath m a fume cupboard The feces 
are stirred occasionallj with a glass rod and the heating process 
IS continued until thej are thoroughly drv The process takes 
some hours as a rule and may be completed by leaxung in a 
drying chamber over mght ^\’hen cool the dried feces are 
practically inoffensive ® 

The dried faeces are pondered into as fine a dust as possible 
m a mortar It may be impossible to powder very fatty stools 
Two samples each of 0 6 gram are carefully weighed out 
Two clean and absolutelj dry Schmidt \\ emer tubes are 
prepared and labelled A and B Each should be provided 
Mith a 10 c c mark 

Into the lower bulb of each place 0 5 gram of feces 
Wash the residue into the A tube with 1 in 3 hjdrochlonc 
acid and fill up nith the acid to the 10 c c mark 
^^ash the residue into the B tube mth distilled water and 
fill M ith M ater to the 10 c c mark 

In each tube all the feces must be collected with the fluid in 
the loner bulb 

The A tube is then heated in boibng water for 15 minutes 
and IS rotated from time to tune Bj this process the fattj 
acids are split off from their bases and rendered soluble in ether 
Cool the A tube 

Fill both tubes to the oO c c mark mth ether and cork them 
securely 

Slowly inxert and rotate each tube forty times 
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Allow the tubes to Et-ind for 30 mmutcs or until all the 
residue has collected into the lower bulbs 

^^^llIc the tubes are standing weigh carefidlv two small drj 
evaporating flasks hbellcd A and B J^ote the weight of each 
Into each appropriate flask measure 20 c c of the clear ethereal 
extract from the tubes the measurement is most com enientli 
made w ith a pipette but care must be taken to keep the nozzle 
of the pipette under the surface of the fluid 
Jvote the amount of ether left in each tubef 
Eiaporate the ether extracts bj holding the flasks in a 
stream of hot water 

Dn the residue by heating in an oven at lOO® C Unless 
this step 13 thoroughly done the error in the subsequent 
estimation is considerable 

After cooling weigh each flask 

The increase of weight of flask A represents the weight of 
total fat (neutral fat free fattv acid "ind fatty acids 
combined as soaps) extricteil from 0 2a gram of dried foxres 
supposing no ether to hare licen lost from the tube and conso 
quently the level of the roinaining fluid to be at the 30 ce 
mark The percentage of total fat in the dned faces is 
thus given by multiplying this increase of weight bv 400 
Similarly the increase of weight of flask B multiplied by 400 
gives the weights of neutral fat and free fatty in 100 grams 

of dried feces 

Dissoh e the contents of B in 10 c c of alcohol add 2 drops 
of phenolphthalein solution and titrate with alcoholic sodium 
hydrate until a permanent pink tinge appears If x c c are 
required the free fatty acid in 100 grams of flricd feces 
reckoned as stearic acid is 400x x 0 0284 grams 

The neutral fat in 100 grams of dned fTCea is the difference 
betw een the neutral fat plus free fatty acid and the free fatty 
acid thus estimated 

The fatty acid combined as soaps is the difference between 
the total fat and the neutral fat plus free fatty acid 

J^ormally dried feces contain some 25 per cent of total 
fat of which neutral fat forms about half 

In 13 cases of carcinoma of the pancreas m " hicli the fuces 
were thus analyse<l by Cammidge the total fat ranged from 
50 to 90 per cent of the dned feces and of this the neutral fat 
formed 40 to 60 per cent and the fatty acids 0 to 33 per cent 
An excess of fat sufBcient to be of anv significance can 
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usually be detected by cxaimnation of the dried faeces, without 
chemical examination The application of this test is further 
discussed under pancreatic tests 

Mucin appears to be a normal constituent of the stools It 
may be tested for by adding to a watery suspension of the stool 
an equal volume of lime water The mnxture is allowed to 
stand until the next mormng and is then filtered A little 
acetic acid is added to the filtrate and a white cloud of mucin, 
insoluble m excess of acid and increased on boihng is produced 

Microscopical Investigation 

Numerous points of considerable importance may be found 
in the course of a microscopic examination of the feces 

In order to make the examination prepare m a test tube a 
turbid suspension of the feces m normal saline Shake 
thoroughly Allow the suspension to stand Pipette up the 
deposit and examine it on a slide with a cover slip over it m 
exactly the manner employed for a urinary deposit 

The general microscopic view of a fsecal suspension is at first 
confusing The numerous particles of many varieties of food 
remnants and the general debns lying among the fauna and 
fiora of the intestinal canal provide somewhat of a diagnostic 
debauch 

The following are among the substances which should be 
looked for — 

Vegetable cells and fibres These may occur m a great 
variety of shape and size Spiral forms are extremely numerous, 
and may be found as free spirals or as long cells containing an 
evenly wound refractile spiral Other forms appear as long 
and septate divisions marking off the usually empty cells 
Some of the cells may contain chlorophyll and others starch 
granules 

Starch granules should not be present m great numbers , 
they may be detected by their appearance and by their blue 
reaction on running a solution of iodine and potassium iodide 
under the cover slip 

Fat Fat globules should only be present in small numbers 
in a normal stool They are present in large quantities after 
the injection of an oil enema They are readily recognised by 
their shape and refractility, and if necessary by their chemical 
reactions Fat occurs more commonly in the form of sheaves 
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of colourless pointed crystals These sheaves of fatty acid 
crystals dissolve on warming, and in ether The soaps may 
appear m the form of coarser crystals and dissolve on warming 
hut not on the addition of ether TOien an excess of fat is 
present in the fieces fatty acid crystals are usually found, but 
a chemical estimation is advisable m order to determine 
whether fat is actually m excess or not 

Muscle fibres are nearly always found in the faeces of a person 
on a normal diet Their amount and the degree of their 
digestion naturally vary with the amount of meat taken , but 
under ordinary conditions the relative number of undigested 
muscle fibres is a considerable guide to the actmty of the 
digestive juice and the suitability of the diet to the individual 
Sluscle fibres as seen under the microscope are of a yellow 
colour and ate certainly recognised by their fine transverse 
striation The stnation can be perfectly well seen wath a 
i mch objective particularly if the diaphragm of the con 
denser is partly shut down Under normal conditions few 
fibres VI ill be seen on any one elide and m the great majority 
of these the stnm will be almost or quite invisible In conditions 
associated with alimentary disorders the fibres are very 
numerous and their stnation well marked 

Elastic fibres can often be detected m the f'cees, and are 
recognised by their shape their curved form and their double 
contour 

Red blood corpuscles can as a rule only be recognised in the 
foces under the microscope when the h-emorrhage has come 
from the lower part of the intestinal canal With quite 
profuse hiemorrhage from high up in the gut, as in duodenal 
ulcer or even m typhoid fever, recognisable red cells are rarely 
met with Reddish brown pigment masses are seen m such 
cases and can be recognised as of probable blood ongm, but 
the chemical test for blood should always be apphed The 
sulphides of the metals and particuHrly of bismuth and iron, 
give an appearance to the stools similar to that produced by 
altered blood Under the microscope the sulphides appear as 
black amorphous masses Bismuth may occasionally appear 
m the stools in the form of black crystals of a shape similar 
to that of hsemm crystals 

Leucocytes are absent or almost complcteh absent, from 
the stools m health In the numerous conditions associated 
With a catarrhal state of the intestines there is practicaUy no 
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increase in the number of leucocytes found Actual pus m 
the stools 13 \ery rarely seen, and any considerable increase m 
the leucocytes points to actual ulceration of the gut Pus if 
present indicates that an abscess has discharged into the 
intestine, as for example an appendix abscess into the rectum 
Pus cells have here, as elsewhere, to be differentiated from 
epithelial cells and in cases of doubt stained preparations 
should be made 

Epithelium Epithelial cells, more or less degenerated, are 
practically always found in the faeces They may be squamous 
or less often columnar, and most commonly are fairly small 
more or leas fusiform cells They occur singly and less often 
in small plaques In cases of intestinal catarrh epithehal cells 
are usually much increased in number 

Crystals The commonest inorganic crystal to be found is 
that of calcium oxalate, and the envelope forms are those 
most often seen The crystals are derived from the food, 
and are most abundant after a vegetable diet Other crystals 
which may be present are calcium carbonate and calcium 
sulphate rarely, calcium phosphate and triple phosphates 
more commonly These crystals are recognised m the same 
way as m urmary deposits 

Bacteria are alw ays present m considerable numbers in the 
stools The majority of the organisms are bacilli, and in 
Gram stained films the Gram negative bacilli predommate in 
normal conditions , cocci are also present as a rule Spirilla 
and vibrios are less common, but may appear in small numbers 
m health The varieties of bacteria and their significance will 
be considered m the next chapter 

Ova of parasites arc among the abnormal objects to be 
looked for in the stools Their description and the method of 
examination is given on p 104 

Amcebae and the methods of detecting them in the faices are 
described on pp 161 and 152 

Dibtis Amorphous particles derived from the food form 
a considerable part of the slide preparations made from the 
faeces They are of variable size, and may appear as discrete 
particles or in clumps. 
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CHAPTEE X\Il 

THE PARASITOLOGY OF THE FiCCES 

Tiil protozoa and anuiia) parasites winch maj infect the 
intestinal tract are described in the section on parasitolocy 
(pp 161 to 164) 

Bacteriology The fiscces an, iiornialU so infested with 
bacteria that some departure from the ordinary routine 
bacteriological methods is necessan , and some clinical advice 
13 particuhrlj required as to the class of organism to be sought 
for The presence of bacteria known to be pathogenic and 
to bo normally absent from the intestinal tract such as the 
cholera vibrio or the tvphoid baedlus is of diagnostic 
significance The detection of organisms of atvpical cultural 
characters and of doubtful pathogenicity should be amplified 
so far as possible bj other methods such os the m\ estigation 
of the agglutmating action of the patient s serum upon them 
and the findmgs, unless strongly supported bj such means 
must be accepted wth resera e The detection of bactena 
known to be found m tlie gut in health such as £ coU has no 
diagnostic significance 

Film preparations of the fojces commonly gi\ e httle bacterio 
logical information but they should be made in the case of 
a cry liquid stools in order to gam an idea of the type of the 
prevalent organism In cases of cholera the vibrio may be 
present m enormous numbers in the films The cultural 
mvestigation necessarily vanes with the type of oiganism 
looked for but m the majonty of cases the following method 
w ill be found useful as a routme — 

Tlie faeces should be passed into an ordinary clean (not 
carbohsed) bed pan and should be esammed as soon as possible 
after they have been passed 

In an ordmary broth culture tube take 10 to 12 loops of the 
fftnat oi h a sterile platmum anre 

Leucocytes broth tube thoroughly without lettmg the fluid 
the stools in ht the wool plug and stand the tube aside for a 
with a catarrhal LaCow the sohd particles to settle 
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Take a loop of the supernatant fluid and plate on I agar 
and 1 blood agar plate 

Incuhate the broth tube for from 4 to 6 hours at 37® C 
Take a loop of the supernatant broth and plate it out on 
3 JIacConkey plates, without recharging the loop 
Incubate the S plates till the next morning 
Examine the agar plates for colonies of the staphjlococcal 
and streptococcal type and for hiemolytic colonies 
Examine the hlacConkey plates for yellow colonies in 
particular 

Take subcultures of the suspected, colomes in the usual ay 
The aim of this process ta to obtain plate cultures which are 
neither hopelessly oveigrown nor contain merely one or two 
colomes, but which show a fair number of discrete colonies on 
the majority of the plates 

The more important pathogenic organisms to be met with 
are the following — 

The typhoid bacillus The bacilli can be isolated from 
the faeces by the above method, but it is preferable to make 
use of the fact that brilliant green has a greater antiseptic 
action upon B colt than upon B typhosus A 1 per cent 
solution of brilliant green m distilled w ater is kept m stock, 
and, when required, a 1 per cent dilution of this is made in 
distilled water , 0 3 c c and 0 5 c c of this dilution are added 
to tw o 10 c c tubes of peptone water and incubated for 24 
hours after moculation with the fajces If growth occurs m 
both tubes, that which contains the higher percentage of 
brilliant green is used for plating on MacConkey plates The 
yellow colonies are picked off and tested by agglutination and 
cultural methods 

Paratyphoid bacilli These organisms are looked for by 
similar methods, but the brilliant green process is less successful 
w ith the paratyphoids than with B typhosus In all cases the 
agglutinating action of the patient’s serum and of knoivn 
anti sera upon them should be mvestigafed 

The dysentery bacillus Any of the types of dysentery 
bacilli previously described may be met with, and are to be 
sought for and identified by similar methods 

The cholera vibrio The recognition of the cholera vibrio is 
a comparatively simple matter in an epidemic, or in districts 
where cholera is known to be nfe 

Sporadic cases of cholera are to be diagnosed with extreme 

25— » 
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caution, Bince the differentiation hetneen the genuine cholera 
\ibrio and other vibnoa which maj occasiomllj Ije present m 
the gut IS a matter of eonsiderable difficulty 

The examination of the fa!ces should be conducted as 
follows — 

(1) Prepare a thm film of the faeces, andstam it with carbol 
thionin In an acute case the oiganisms are usually present 
in considerable numbers, and tend to appear in groups, all 
the members of which he with their long axes m the same 
direction, as trout he in a stream 

(2) Put several loops of the fieces into broth, and mcubate 
for about 4 hours 

Plate from the broth on to 3 gelatin plates, and incubate at 
from 18® to 20® C for 24 hours 

Examine the plates for colonies of the x ihno These 
colonies are white with jagged outlines, and ha^e the appear- 
ance of powdered glass on the surface of the plate Film 
preparations from tliem show the vibno 

(3) Subculture from the gelatin plate uito broth, on to agar 
slopes, and m gelatin stab cultures Contmue the mcubation 
of the gelatm plate 

After mcubation for from. 24 to 48 hours of the broth culture 
add to it a few drops of pure sulphuric acid A rose pink 
colour of nitroso mdole develops in the meihum 

The agar slope culture ebons a yellowish irr^br shmy 
growth 

The gelatm stab culture sboiTs a white etreak of growth 
along the track of the inoculating wire, and at the surface of the 
medium a funnel shaped depression of commencing bque- 
faction 

The colomes on the gelatin plate slowly darken, and 
hquefaction takes place in the medium 

(4) Test the agglutinating action of a kiio\vn anti serum 
upon the culture 

(5) Test the lytic action of an anti-eerum on the culture 
tn vttro by incubating the vibnos, the serum and fresh guinea 
pig serum m a hanging drop for from I to 2 hours The same 
test performed tn vtio by injecting broth and anti serum into 
the peritoneal cavity of a guinea pig is known as Pfeiffer s 
reaction Tests for lysis are not essential and have been 
largely superseded by the a^utination reaction 

(6) Inoculation of the cholera vibrio into the peritoneal 
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ca\at} of a guinea pig produces a typical toxic effect Other 
vibrios are non pathogenic to animals 

In the presence of an epidemic microscopic and cultural 
examinations are sufficient for diagn^is but in all other cases 
the agglutination reaction must be carried out 

Among the organisms liable to be confounded with the 
vibno of Asiatic cholera are the follow mg — 

The vibrio of cholera nostras described bj Finkler and 
Prior maj be found in considerable numbers in the stools of 
patients suffering from acute diarrhoea and vomiting such as 
maj occur in temperate climates m the summer months 
In the majority of such sporadic eases however ^ ibrios in the 
stools are either very scanty or absent The Finkler Prior 
vibno IS longer and broader than Koch s \ ibrio and on gelatm 
plate culture forms round colonics with sharply cut edges 
Gelatin is liquefied rapidly 

Similar vibnos which may be found m the stools of healthy 
persons or patients with intestinal affections have been isolated 
from cheese and from the water supplies of towms Some of 
these vibrios closely resemble the cholera vibrio both on 
morphological and cultural grounds and can only certainly 
be distmguished by serum tests 
Tubercle bacillus This organism may be present m the 
fteces in large numbers m cases of tuberculous enteritis and 
in such cases pus is present in addition and often blood The 
bacilU are present in small numbers in the ca'ie of persons with 
pulmonary tuberculosis and particularly of children who are 
more likely to swallow the sputum 

The faeces should be treated ■with antiformin and the bacilh 
looked for in the ordinary w ay 

Other organisms Among others of the commoner oigamsms 
to be met with in the normal fieces are staphylococci strepto 
COCCI and less commonly B pyocyaneiis and several of the 
anaerobic bacilh including B teiaia and B 11 elchtt Cocci 
are commonly present and the streptococci met with are as 
a rule of very low pathc^emcity for animals In cases of 
ulceratn e colitis the oigamsms commonly suspected and looked 
for as the causative agents are members of the coli typhoid 
group and it is quite possible that coccal infection may m 
some cases be overlool ed 

The cultural exammation of colitis is aided by the passage 
of the sigmoidoscope After thorough irrigation of the colon 
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with Btenle tap ^ater a minute portion of the infected mucous 
membrane can be safel} removed b\ a skilled operator and 
transferred to a culture tube Bj such means streptococci 
maj be found in pure culture m a small percentage of cases, 
and a \ accme prepared from the organism maj be beneficial 
The isolation of cocci from faeces bj the ordinarj methods 
raaj be difficult and can have no particular significance 
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CHAPTER XXni 

THE EYE AND CONJUNCTIVAL SAC— THE SKIN 

THE EYE AND CONJUNCTIVAL SAC 

The cytology of the conjunctival sac does not matenallj 
differ from that of other parts of the body In the more 
chronic infections of the conjunctiva large epithelial cells 
are commonly met uith, and m the acute inflammations the 
ordinary pol^TuorphonucIcar cells of suppuration In the 
rare condition known as “ spring catarrh ” the exudate consists 
almost entirel.v of eosinophil cells 
The bacteriology of the eye is of considerable importance, 
and in a variety of affections much a«sistance is obtained from 
a careful bacteriological imcstigation 
The normal conjunctiva, being exposed to air contaminations 
18 rarely sterile, and some acquaintance mth the organisms 
present in health is necessary The bacillus known to 
ophthalmologists as the xerosis baaltvs is the organism most 
frequently met with, and is present in the majority of cases 
examined The xercwis bacillus is no longer believed to play 
any essential part m the production of the condition the name 
of which it bears It is a diphtheroid organism, and will be 
subsequently referred to under that name The diphlheroid 
bacilli met with m the eye are of more than one variety', but 
the great majority of them belong to a type which grows readily* 
on the ordinary solid media, such as agar or blood senim, but 
inenrfy eirasiteHxje' ax iiiyfA a-rnf *yiJii«r Avjo'iv? 

media It does not acidify litmus dextrose broth Next to 
the diphtheroid bacilli a white staphylococcus of low virulence 
is the organism most frequently met with Evceptionally, 
more virulent organisms, such as staphylococetts aureus, 
streptococci^) hannolyticus and the pmumoeocciis may be culti- 
vated from the apparently normal conjunctiva. 
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The occasional finding of virulent organisms in normal 
cases is of considerable importance, and it is a reasonable 
precaution to make a bacteriological examination m all cases 
before conductmg such an operation as that of cataract 
extraction It is an essential precaution if anj mfiaramatorj 
condition of the lids or conjunctiva is present, hoviever mild 

Conjunctivitis The commonest and most vudeK spread 
varietj of acute conjunctivitis is that due to the Koch Weels 
bacillus The disease has a short incubation period of about 
24 hours, is extremely contagious, begins as a rule in one eje 
and almost mvariablj spreads to the other, is associated 
with redness and suclling of the lids and conjunctiva! and 
runs a v anable course often lasting from 2 to 4 weeks The 
diagnosis can be sufTiciontlv confirmed bj film preparations 
The minute, slender Gram negative bacilli exactlv resemble in 
appearance the influenza bacillus (p 115) 

Diplo-bacillary conj'unctivilis The causative organism of 
this disease is known as the J/orax Axenfeld bacillus The 
condition is widcl} distributed, and is more chronic than the 
Koch Weeks infection It is infectious, almost alwajs affects 
both ej es, and is associated with a characteristic redness of the 
angles of the palpebral fissure Tlie infection may in untreated 
cases last for jrcars A nasal catarrh is sometimes present 
m addition, and the causative organism may be found in the 
nasal discharge In films made lixim the pus the bacilh are 
found as stout rods of moderate length with rounded ends, the 
great majority of them being in paus and outside the cells 
Occasional chains are present The occurrence of Gram 
negative bacilli of this nature in film preparations is sufficient 
to establish a diagnosis A growth of the bacilli in the form 
of small, translucent colonies on serum agar can often be 
obtamed 

Gonorrhaeal conjunctivitis has been already referred to in 
the descnption of the gonococcus The causative oiganism 
IS as a rule, numerous in the conjunctival secretion, and the 
condition is readilj recognised m film preparations 

Trachoma The cause of this disease is unknown, and 
numerous parasites, subsequently discredited, have been from 
time to time described Nc^chi described a small Gram 
negative bacillus, with which he was able to produce a 
trachoma like condition in monkej’S The etiologj of the 
disease is still, however, subjudtee. 
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Other varieties of conjunctivitis A purulent conjunctivitis 
maj be set up by anj of the ordinarj pyogenic bacteria and 
the investigation of the exudate should be conducted on the 
ordinary lines In no case should a diagnosis of the organisms 
be made from film preparations alone Slixed infections are 
not mfrequent In a senes of investigations dealing with this 
class of mfection the ifaphylocoecus albus nas found twenty 
eight times staphylococcus aureus twenty seven times a 
streptococcus ten times an intermediate staphylococcus three 
tunes the dip/if^crta taciHiM twice and an unclassified coccus 
once Diphtheroid bactlh were also present in about 60 per 
cent of the cases In addition to these organisms the pneumo 
coccus may exceptionally be found as the cause of a primary 
conjunctmtis and it has been described as a common cause 
owing to the improper identification of the organism by film 
preparations only Epidemics of conjunctivitis due to the 
pneumococcus have been recorded The diphtheria bacillus 
is a rare cause of conjunctiMtis being usually met w^th in 
children and in association with a nasal discharge contammg 
the same organism The diphtheria bacillus should bo 
identified m this situation not only b> its morphological and 
cultural characters but also by animal inoculation Diph 
thoritic infection of the conjunctiva is associated as elsewhere 
with membrane formation and is readily amenable to serum 
treatment 

Membranous conjunctivitis is less commonly due to the 
diphtheria bacillus than to other oiganisms of w hich the most 
important is the streptococcus hcemolyticus Streptococcal 
mfection of the conjunctiva is the most virulent tj’pe met 
with and a small percentage of cases proceed rapidly to 
panophthalmitis m spite of all treatment Less comraonlj 
staphylococci may produce a membranous conjunctivitis 

The lids The bacteriology of the lids is practicallj 
identical with that of the slim and all the commoner varieties 
q£ mflammatwm aaaaciafjid. wnth- the pyagemn cacm are met 
w ith Molluscum contagtosum is occasionally encountered here 
as elsew here on the exposed surfaces 

The lachrymal sac Inflammations of the sac are set up by 
the ordinary pyogenic organisms of which a streptococcus is 
perhaps the most common Here again pneumococci may he 
present hut have been described more frequently than is 
l>robably correct ow mg to an undue reliance upon film prepara 
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tions The micrococctts catarrhalis is another organism 
occasionally associated with this condition 

The cornea The mam oigani«m concerned m the production 
of the serpiginous comeal nicer is the pnenmococctt^ The 
infection is, however, not a trulj specific one, and other 
organisms, such as the staphylococci and streptococci, maj 
be present in pure culture Bacilli of the colon group, B 
proleus and B pyocyanens, are occasionally found m corneal 
ulceration, as uoll as in exceptional cases of conjunctintis 
u ithout corneal infiltration Aspergillosis of the cornea has 
al^o been recorded on numerous occasions 

The chronic infectuc granulomala Tvbercnlosis, leprosy 
andsypAihamaj allafTectthecye The methods of recognising 
the causatne organism are the same as those adopted for 
these diseases in other parts of the body 

Endogenous infections Metastatic abscess in the e\e may 
arise in the course of a general infection produced by nn\ of 
the pyogenic orgmisms Ati inteTestmg \anety of metastatic 
ophthalmitis occurs m epidemics of ccrebro spinal meningitis, 
and a similar condition, producing a disca«e Lnoiin as “ pseudo 
gUoraa,' has been demonstrated to be caused by the jneningo 
coccus and to occur m cases with no history of meningeal 
symptoms Ihe coccus has been recovered from the interior 
of the eye after excision 

The orbit The bacteriology of acute inflammatory con 
ditions of the orbit calls for no particular description Infection 
of the orbit arises by direct extension from adjacent parts in 
the great majority of cases The most important sources of 
infection are the accessory simi'^es of the nose 


THE SKIN 

Tliere is scarcely any pathological ina estigation which may 
not from time to tune be required for patients -whose main 
complamt is of some skin lesion The following are among 
some of the changes more particularly associated wath diseases 
of the skin — 

The blood An eosinophthn, often of marked degree, is 
frequently associated with minr widespread dermal lesions 
In the specific fevers associated with skm eruptions, and 
particularly m smallpox, chicken pox and scarlet fever, a 
considerable eosinophilia is the rule In the two former 
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diseases the eosinophils dimmish m number and finally dis 
appear Mhen the bull® suppurate Among other diseases 
associated aith a \esicular eruption dermatitis herpetiformis 
IS almost constantly accompamed bj a considerable 
eosinophiha In films made from the bull® in these cases, 
as vrell as m small pox and chicken pox numerous leucocytes 
are present, and the great majority of them are eosinophils 
In pemphigus chronicus, on the other hand, eosinophils are 
absent from the blebs, and there is no eosinophilia in the 
blood The cytological character of dermal exudates is thus 
of some assistance m differential diagnosis Secondary 
infection of skin lesicles, however, very readily occum, and 
it 13 necessary to examine the fluid as soon as possible after 
the vesicle has appeared Cases are not infrequently met 
with m which vesicles have been deliberately produced by the 
patient either bj the aid of blistermg fluid or some cruder 
device In these mechanical effusions the great majonty of 
cells present are of the epithelial type, and the presence of 
such cells IS strongly suggestive of an artificial lesion 
Leukcemia is verj rarely associated with considerable 
leuksmic infiltrations of the skm These infiltrations have, 
however, on occasion been so considerable as to merit the 
name of “ tumours,” and the patients have first come under 
the observation of a skin clmic Rare as the condition is, 
it IS advisable in all cases of multiple skm tumours of doubtful 
origin to make an examination of the blood The blood 
changes present are usually those of myeloid leulocmia 

Pernicious ancemia is nearly aluaj-s accompamed by a 
lemon jellon colour of the skin, and verj exceptional eases 
are met iMth m which the pigmentation is so extreme as to 
produce an almost negroid coloration In the condition 
usually desenbed as h®iiiochromatosis, and often associated 
xvith diabetes melhtus, there are no specific blood changes 
In certain rare cases of erythrodermia the patient has the 
colour of a Red Indian (Aoromc rouge) and the characteristic 
blood changes previously described (p 19) 

Syphilis An examination of the Wassermann reaction in 
the serum is frequently required, and should be performed in 
all cases of syphilitic disease with skm lesions as u ell as for 
patients iMth rashes of a doubtful nature The spirochrote 
should also be looked for m the primary sore, and may be 
found in the condylomata and other secondary lesions 
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The parasitology of skm diseases The skm is peculiarly 
Inble to infection both bj animal and vegetable parasites 
and a complete description of all such organisms as mav be 
found m the skin can only be gi\cn in a book devoted to 
denn'itologx A brief accoimt onU of the more important 
nmmal parasites his been given in a prcMous section (p 143) 

Bacteria The normal skin The normal skm like the 
normal conjuncfn a being an exposed surface is in con«equence 
rarely sterile The organisms to be met Mith on almo'st any 
skm and in almo'it ^n^ part of the body are hite staphy lococci 
sarcinaj and diphtheroid bacilli The^e organisms are under 
ordinary circumstances non pathogenic It is possible that 
they pla\ some part in the normal metabolism of the skm 
and that in diseased conditions they may even become patho 
genic The number of these organisms present on the skm 
of different individuals vanes considerably and they are a 
common source of contamination m culture tubes whether 
derived from the defective technique of the bacteriologist or 
from the slun of the patient The diphtheroid bacilli and 
sarcmse are rcsadily recogniso<l and their presence m culture 
tubes may be regarded as endence of contamination The 
staphylococci of the normal skm are almost always rcpro 
sented by a white variety which is very inactive in culture 
media growing rcaddy but producing little change 

Less commonly more virulent organisms ma\ be grown from 
the normal skin and the majority of pathogenic species can 
on occasion be obtained Slaphylococcjts aureus or cxtreus 
and the streptococci are the most important organisms meft 
with and were of particular importance to the surgeon before 
the introduction of rubber operating gloves They are still 
of importance if present on the skin of the patient 1 irulent 
organisms can maintain their existence on the skin without 
producing any harmful results upon their host They may 
exist for considerable periods m spite of attack by all the 
ordinary methods of cleanliness mcludmg antiseptics The 
action of antiseptics applied to the skin rarely succeeds m 
destroyung all bactenal gitmdh without mjury to the epidermis 
A minute trace of a powerful antiseptic however wall inhibit 
or dela\ the subsequent growth of organisms and in cultures 
taken from a focus wl ich has been exposed to anti&eptic action 
it IS common to find the visible growth of a freely multiplying 
species delayed by 2 or 3 days 
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Streptococcal infections of the skin arc common, and the 
most notorious infection produced is erysipelas Er^’sipelas 
proper is an acute inflammation of the dermis, and the 
organisms spread along the superficial lajers of the skin, but 
cultures made from recent bulhe are in a considerable per 
centage of cases sterile If cellulitis is present in addition, 
and incisions are made, the streptococci can be obtained in 
pure Culture The local lesion in erysipelas may provide the 
causative organism, but in cases of facial erysipelas particularly 
the local lesions may not be obvious, or may be situated in the 
nasal cavity and consequently associated with numerous other 
bacteria 

Impetigo contagiosa is a primary infectious disease most 
often met with in children, and produced by the Streptococcus 
pyogenes The secondary impetigo caused by scratching m 
patients affected wth scabies, pediculosis, or other imtati\e 
lesions may be streptococcal, or more commonly staphylococcal , 
mixed mfections are, however, frequent The follicular impetigo 
of the hair follicles is essentially a staphylococcal disease 
Pemphigus neonatorum is usually associated with a septic 
condition of the umbilical cord stump and is a disease attended 
with a high mortahty The causative organism may be a 
streptococcus or a staphylococcus 
Staphylococcal mfections of the skm are, as might be expected, 
extremely common, and very varied lesions are produced 
Follicular impetigo of the eUn and of the scalp is a frequent 
infection, particularly among ill cared for children The con- 
dition may be transmitted by one child to another is hahle 
to relapse, and often runs a prolonged course The causative 
organism is nearly always the Staphylococcus aureus, but mixed 
infections are not infrequent The lesions are readily inocu 
lated by the patient from one part of the body to another 
Staphylococcal inflammations of the eyelids or conjunctive 
may be produced by auto inoculation from an impetiginous 
focus on the finger or the face 

BoRs are sequels of folhcular impetigo, and due to the 
same organisms They are prone to occur in the debihtated 
as well as among those m particularly vigorous health 
Carbuncles are a more serious lesion produced by staphylococci, 
of which Staphylococcus aureus is the most frequent agent, but 
mixed mfections occur and S Tuemolyttcus is not infrequently 
associated with the staphylococcus 
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Multiple svicuianeous abscesses, due to staphjlococcal 
infection, are sometimea met trrth, and are not uncommon 
as a sequel to prolonged fevers Tj-plioid fever is fairU often 
associated in the post febrile stage with the appearance of 
numerous and w idelj -distributed subcutaneous abscesses The 
Staphyloccccm niirciw or albus is nearly aluaj’S obtained m 
pure culture, and we have not found the typhoid bacillus in 
the^e lesions Subcutaneous abscesses maj result from a 
general blood infection and be associated with pus formation 
in other parts of the bodj , but m the majority of cases the 
patient’s general condition is good, and the abscesses appear 
to result rather from the local atrophic condition of the shin 
folloinng fever and the prolonged stay m bed The production 
of bed sores is a similar process in which pressure plaj-s a 
promment part 

IIAidou IS often of staphylococcal ongm, and when 
accompamed by a spreadmg lymphangitis is practically 
always due to the Staphylococcus aureus 

Earbers rash, or sycosis, is one of numerous local skin 
infections, many of which are provided with special names, 
and the majority of which are due to staphy lococci Seborrhoea 
may be produced by a variety of organisms, including staphylo 
cocci, and in view of the extraordinary septic habits of many 
barbers it is remarkable that more virulent infections are not 
frequently transferred from one nctim to another Fortunately 
the highly priced “ tomes ” applied after the operation usualh 
contain some cheap and u’^jful antiseptic 

Treatment In the treatment of all staphy lococcal infections 
of the skin surgical measures should be as conservative as 
possible, and some form of bacterial therapy is usually advis 
able Staphylococcal infections tend to recur, and in many 
cases recurrence can be prevented by vaccine therapy, and this 
must be undertaken with core, smee it is possible to uicrease by 
vaccines that state of increased sensitivity to the organism 
wlunli la isii’ic.e.'i by thn mfedUno. itself The vaecme ^ven 
should rather be one derived from a vigorous toxm producing 
stram than the actual infecting strain, should this be a poor 
toxin producer The dose employed should be one which 
gives httle or no local reaction, and it is advisable to limit 
the length of treatment, if possible to a few weeks, and to stop 
it at once if an injection of vaceme appears to be followed by a 
fresh lesion The toxin, or preferably toxoid, can be given 
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instead of a vaccine, and m many cases unmumsation by 
toxoid IB the method of choice 
.The toxin can be easilj prepared, by growing the organism 
on agar for 48 hours, grinding np the culture media and growth 
m sterile sahne and filtering through a bactenal filter (p 237) 
The filtrate should contam hiemolysin for rabbit or sheep 
cells in high titre 0 3 per cent formaldehyde is added to the 
toxm, which is then incubated at 37* C for 3 days, or until 
the hfemolj’tic action has disappeared Treatment should 
commence ivith very small doses since the local reaction may 
be severe An initial dose of 0 5 c c of a 1 in CO dilution of 
toxoid IS usually suitable 

Acne, vidgans is a disorder of the sebaceous glands, com 
mencing as a rule, at puberty and rarely lasting beyond 
the twenty fifth year A small Gram positive diphtheroid 
organism the acne bacillus can often be isolated from the 
comedones before suppuration occurs but there is little real 
evidence that it plays any part in the etiology of the condition 
Vaccines made from the acne bacillus have been largely 
employed, and probably owe their popularity to the frequency 
with which acne tends to spontaneous recoaery When, as 
often happens acne is complicated by suppuration due to 
secondary staphylococcal infection, treatment by staphylo 
coccal vaccine or toxoid is often of benefit 

Anthrax is a rare infection occurring among hide porters, 
wool sorters and butchers An account of the anthrax pustule 
and of the bacillus has been given in a previous chapter (p 110) 

Other pyogenic organisms which may affect the slun are 
numerous but the majority of such mfections are not primarily 
dermal and spread to the skm by extension from the deeper 
tissues 

Tuberculosis of the skm assumes many chmcal forms, and 
on a pathological basis may be divided into at least two 
vaneties In one form the tubercle bacilli are present in the 
lesion, although as a rule m very small numbers The bacilli 
are, m a considerable percentage of cases, of the bovine type, 
and the lesions which they produce have to be recognised 
mainly from their chmcal features Jilaterial is not ordinarily 
available for bacteriological examination, and the diagnosis 
has to be confirmed when necessary by removal of a portion 
of skin The histological evidence of tuberculosis can some 
times be confirmed by detecting the bacilli m the sections, 
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but the organisms ate commoinlj \eT} ecantj , and often proof 
can only be completed by inoculation of portions of tissue into 
gumea pigs Diagnostic injections of tuberculm are nearlj 
always posrtne, and a negative result is strong endence 
against tuberculosis. 

In the other class of tuberculous infections the bacillus 
appears to be entirely absent from the lesion, and to such 
conditions the term “ tubercubde ” is apphed It is supposed 
that the affections may be caused by the toxins of the bacillus 
which have been absorbed from a distant focus 
Leprosy is characteristically associated with the formation 
of granulomata m the skin The bacilh are numerous in the 
lesions and in the discharges from them, and the diagnosis can 
nearly always be confirmed by the examination of swabs taken 
from the nasal secretion The lepra bacilli are often present 
in this situation m large numbers 
Syphxhs and the means of dctcctmg the Spirochceta pallida, 
together with the importance of the Wassermann reactidn, 
have already been considered 

Another disease affecting the skin and produced by spiro 
chietes is Yates This disease has some clinical features in 
common with produced b^ a spirochoite 

extremely like the S pallida 
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CHAPTER XXIV 

THE NOSE— THE SPUTUM— BASAL METABOLISM 
THE NOSE 

Tite examination of the nasal secretion is mainly bacterio 
logical, and since cultures taken from the nasal cavity are 
practically never sterile, the results of bacterial examination 
m disease must be critically considered • The methods of 
bacterial investigation do not materially dilTer from those 
previously descnbed 

It IS advisable as a routine to use a cotton wool swab similar 
to that employed for diphtheria cultures, and to plate direct 
from it on to tn o blood agar plates A further culture may also 
be made into broth, and film preparations should be made in 
addition m all cases 

The following are among the affections nliieh may especially 
require investigation — 

Nasal catarrh The usual attack of nasal catarrh is 
commonly left to run its course with or without the aid of 
domestic remedies Some persons are so unfortunate as to 
suffer from repeated attacks at short intervals, and particularly 
doling the autumn and winter months Vaccine treatment 
has been very largely employed to meet such cases There 
is now little doubt that the common cold is due to a filterable 
VITUS, but the prolonged and purulent nasal discharges which 
may follow are almost certainly due to secondary infection by 
pyogenic bacteria, and from these vaccines can reasonably 
be prepared Provided there is no local nasal condition such 
as can be rectified by the surgeon, and the patient is seriously 
embarrassed by the attacks, the causative organisms should 
he investigated The attacks of nasal catarrh are often 
preceded or accompanied by tonsilhtis, and it is preferable to 
swab the tonsil and, by means of a bent swab, the retro 
pharymgeal space as w ell as the nasal cavity West’s swab is 

ciwteii fitBOLoar 4tn 2$ 
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a convenient apparatus for taking cultures from the retro 
pharjTix or fromanj deeply eitinteil space such as the interior 
of the uterus A length of glass tubing i-s Ixint to a convenient 
angle at about li inches from its distal end A wire vith 
cotton ovool suab attached is inserted along the tube to just 
bejond the angle Tlie glass tube is plugged vith vool and 
the V hole is stenli'cd AVhen using the sw ab remoa e the plug 
from the tube pass the tube behind the palate, press the swab 
forward and beyond the tube to take the culture, withdraw 
the sw ab again into tbe tube and then remove the tube The 
swabs can be plated out and the bactenologica! results com 
pared In man} cases recurrent winter colds are prevented 
bj a course of 8 to 10 injections of aaccine, preferahl} guen 
in the earlj autumn It is usualU ad\isable to repeat the 
course in the following jear A considerable percentage of 
cases derive no benefit 

The organisms which ma} be met with include the 
mxcTococcxts catarrhalxa, etreptococci, sfaphjlococcx, and 
commonl} pneumococci and FrtedhniAer's pneumo bacxllui 
The vaccine is preferably made from the predominant an<I 
most virulent organism Tlie selection of the causatne 
bacterium maj be a matter of chance, and a mixed vaccine 
can be emplojed 

Hay /ever. A sfandardi'Cd vaccine of pollen toun mai be 
given for this condition or tbc skm 8 en«itmt 3 to the various 
pollens may be tested It is probable that all cases of hay 
fever are not due to pollens Slany are associated with asthma, 
and some are apparently of bacterial origin and accompany 
what appear to be ordinary attacks of nasal catarrh The 
treatment by pollen extracts or vaccines can be made on the 
same lines as for the common colds, and the value of the 
treatment is much the same in the two conditions Pollen 
extracts for test purposes and for treatment can be purchased 
A less specific, but often more successful therapy , consists in 
the administration of a senes of graded doses of peptone 
Both in the treatment of asthma and hay’ fever the special 
peptone injections advocated bv AuJd may give excellent 
results nils peptone is put up m a senes of graduated doses 
by Slartmdale 

Diphthena Nasal diphthena i» not infrequently met with 
in children, and the bacteriological examination is conducted 
m the same manner as in tonsillar diphthena Harmle-s 
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diphtheroid bacilli, however, are more commonly met with in 
the nose than in the throat, and in cases of clinical doubt it is 
advisable to inoculate a guinea pig with a culture of the 
suspected organism 

Leprosy The examination of the nasal secretion in ca&es 
of leprosy has already been considered The bacilli are almost 
mvariahl} present in the nose m cansider&We numbers and 
m the early stages of the disease There may be little actual 
discharge noticeable to the patient and the secretion is often 
thick, crusted, and difhcult to manipulate 

THE SPUTUM 

General examination of the sputum Naked eye cbsertations 
The amount of the sputum is of importance in certain diseases, 
and m particular m cases of bronchiectasis and pulmonary 
tuberculosis The amount may vary from a few cubic centi 
metres in the early morning to as mucli as a litre m the 24 
hours 

The odour is practically inoffensive in the majority of 
affections, but may be quite overpowering Bronchiectatio 
sputum is nearly always offensive as is also that from an 
abscess of the lung If gangrene of the lung is present the 
odour IS indescribable 

The colour is whitish m early and mild catarrlial cases 
It becomes yellow wuth advancing suppuration It is red if 
blood is present Blackish particles visible to the naked eye, 
are nearly always present, and are due to inspired atmospheric 
carbon 

The consistence and general appearance give some guidance 
The sputum in pneumonia is particularly viscid and blood 
streaked, and m tuberculosis of the lung the sputum may have 
a “ nummular ” character Fibrmoua casts, spirals and shreds 
of solid tissue may in certain conditions be visible to the naked 
eye 

Mtcroscoptcal examination The sputum can be examined 
microscopically both in the fresh state, by squeezing a portion 
between a slide and a cover slip, and in stained film 
preparations 

The stained films show in the majority of cases large epithehal 
cells and leucocytes of the polymorphonuclear variety in 
varying proportions, fibrinous strands, and large numbers of 

2&— 2 
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organisms The structures to be exammed for are the 
following — 

The cells Epithelial cells are nearly ahia^-s present, but 
if thej form the great majonty of the cells in a film the 
“ sputum ” prohabli comes mainly from the mouth and 
upper air passages Tubercle bacilli are rarelj found m such 
specimens, which are liable to be produced by a patient to 
order and to be examined, with the misleading re&ult that 
tubercle bacilh are stated to be alisent 

Pus cells are present in all sputa whether the underljing 
condition is tuberculous or not 
Eosinophils are not recognised in carbol thiomn or methylene 
blue preparations , the\ must be speciallj stained for, and 
are nell seen m thin films treated with Leishman’s stain in the 
ordinarj naj Eosinophils maj form the predominant cell in 
cases of genuine spasmodic asthma 
Red blood corpuscles may be recognised m the fre«h 
specimens and m the staine<l films The} stam a greenish 
colour with carbol thionin, but are best fixed and stained b} 
one of the blood stains 

Elastic fibres Before the discoxery of the tubercle bacillus 
the presence of elastic fibres m the sputum was reganled as 
of great diagnostic importance The fibres are now rareh 
looked for, but their presence in sputum is of significance, since 
they indicate that there has been actual destruction of lung 
tissue Elastic fibres m small numbers ma} find their war 
mto the sputum from the food, and it is advisable to instruct 
the patient to cleanse his mouth thoroughl} before obtaimng a 
sample of sputum 

Elastic fibres are found in tuberculcsia, bronchiectasis, and 
pulmonarj abscess The\ are occasionallv met with in lobar 
pneumonia apart from abscess formation In actual gangrene 
of the lung the fibres are rareh found, probably because the} 
ha\e been dissohed locallv b} ferment action 

Single elastic fibres are difficult to detect and are of little 
diagnostic importance, smcc the} may ha^e been introduced 
in the food, unless very particular care has been taken Elastic 
fibres occurring in bundles tihich displa} an alveolar arrange- 
ment are more readily detected, and certainlv come from the 
luDg 

The fibres var} m size, and have a wavy outbne and double 
contour If thev are present m considerable numbere it is onl} 
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necessary to mix a little sputum on a slide uith 10 per cent, 
caustic potash, and to spread it out under a cover slip The 
fibres are more resistant to the potash than the other con- 
stituents of the sputum, and stand out as curved refractile 
threads 

Curschmann’s spirals The«« spiral bodies are found m 
great numbers in the sputum of cases of spasmodic asthma 
Thej are not found in asthmatic cases of old standmg in 
whom advanced emphjsema and bronchitis have occurred 
The sputum m such cases la of the ordinary bronchial tjqie 
The spirals are present m the sputum which immediately 
follows a true spasmodic attack They are not confined to 
asthma, hut may occasionally be observed m cases of acute 
pulmonary tuberculosis 

TJie spirals are visible to the naked eye, and appear as 
white twisted tenacious bodies m the sputum Examined 
under the microscope they are seen to consist of a coarse 
central thread round which is wound a twisted meshwork of 
delicate fibnls Their source of origin is probably the small 
bronchioles 

Charcot-Leyden crystals These are colourless elongated, 
and sharply pointed octahedral crystals They are insoluble 
m water, alcohol or ether and soluble m acids and alkabes 
They are frequently found in the sputum, particularly after 
standing, of asthmatic patients but are not diagnostic of this 
disease, and probably arc of no particular significance 

Fibrinous casts Small fibrmous casts of the finer bronchioles 
are occasionally detected in the sputum in lobar pneumonia, 
broncho pneumonia and rarely in bronchitis They are 
whitish in colour, and of moderately firm consistence Large 
fibrmous casts are practically confined to the very rare con- 
dition known as fibnnous or chrome plastic, bronchitis 
The fibnnous coagulum consists of a branched stem with 
numerous sub divisions, resembling the leafless branch of a 
#rev? tiie ofsipiele cast of a sj'stsm zsaj 

occasionally be expectorated 

Asbestos bodies are found m the sputum of asbestos workers 
and are evidence of exposure to asbestos dust, but not neces 
sarily evidenceoffibrosisofthelung The bodies are developed 
by the deposit upon fine asbestos fibres of an iron contammg 
matenal formed in the tissues They are exammed for by 
digesting the sputum with an equal > olume of antiformm and 



406 A OSE~SPVTUV~BASAL METABOLIS V 

centrifuging the irashed deposit In unstained preparations 
they form very staking objects Tilth a considerable diversity 
of shape and occur either singly or in clusters Of a golden 
yellow colour they vary in length from 24 to 60 fi or more 
and m shape according to the coarseness and distribution of 
the deposit upon the central fibre 

The sputum m various diseases lironchlis in the earlier 
stages 13 accompanied by a whitish viscid and scanty sputum 
which later becomes yellow copious and obvnously purulent 
The sputum is rarely nummular but cannot be distinguished 
by its appearance from that of tuberculous cases 

Bronchitctasis The sputum is copious and is usually 
brought up in large quantities at a time with considerable 
intervals between the attacks of expectoration It is as a 
comparatively fluid and almost invanably has a hi/ 
offensn e odour 

Pntumonxa At the onset of lobar pneumonia the spi 
IS very scanty or absent atid m exceptional cases there 
be very little sputum throughout the course of the di 
Later the sputum becomes abundant and is characteris 
tenacious Owing to the intimate admixture of the bloou 
exudation in the pulmonary tissues the sputum is more or less 
evenly blood stained and is commonly described as rusty 
in appearance 

Pidmonary tuberculo-n^ In the majority of cases there 
is little m the appearance of the sputum by which tuberculous 
cases can be distinguished from other pulmonary conditions 
The presence of blood m the sputum but not intimately 
mixed with it as m lobar pneumonia is always suggestive of 
tuberculosis The blood is bnght red ns a rule and may be in 
large amount or the sputum may be streaked with blood 
Nummular sputum is also indicative of tubercle of the lung 
w ith cavity formation The nummular character is best seen 
by floating the sputum in water when the ro ind more or 
less flattened discs of muco pus separate out and finally sink 
to the bottom The only valuable evidence of tuberculous 
sputum IS the finding of the tubercle bacillus The baciUi 
are to be found in the very great majority of all cases of 
11 'monary tuberculosis a'^sociated with a considerable degree 
lungiectoration 

The e.nza is associated in the early stages with sputum of 
contouriary bronchial character and in the later stages often 
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becomes extremely profuse and very tenacious The bacilli 
can bo detected as a rule in ordinary film preparations 

Asthma In cases of spasmodic asthma the sputum com- 
mences as the dyspncea xiasses off, and small characteristic 
pellets are coughed up The pellets contam eosinophil cells 
in large numbers, Curschmanna spirals, and often Charcot- 
Lejden crystals 

Abscess In abscess of the lung the sputum may consist 
of pure pus mth practicallj no mucoid admixture In cases 
of any standing the amell is always offensive The abscess 
may come from the lung itself or from the pleural cavity after 
rupture of an empyema into the lung The material 
erpectorated may be indistinguishable from the contents of 
a bronchiectatio cavity In all such cases numerous fine, 
long bacilli are present and are probably responsible for the 
odour 

A tropical abscess of the liver may rupture into the lung 
and give to the sputum an appearance of having been mixed 
with ancho\ y sauce Amoebae may be detected in the sputum 

Oangrent la associated with sputum of a green colour and 
extremely offensne odour Gangrene of the lung may follon 
an mjury , and is the rarest sequel of lobar pneumonia 

Mahgnant disease of the lung is usually associated uith 
hsemorrhagic sputum The expectoration has been pleasantly 
compared to red currant jelly 

Malignant disease of the cesophagus is \ery commonly 
associated ivith a very profuse pale, watery, and tenacious 
secretion The occurrence of this material in the sputum pot 
IS strong eMdence of a malignant, as opposed to a spasmodic, 
stricture of the cesophagus 

(Edema of the lung is accompanied by a copious white, 
frothy sputum When blood is present in addition the 
expectoration is commonly likened to prune jince 

Infarction of the lung is accompanied by a bright red sputum 
intimately imsed with froth 

Pneumonoconiosis results in a brownish black sputum The 
colour IS due to particles of carbon in ” anthxacosis,” or of 
sulphide of iron in “ sidenxsis,” or to lime dust in “stone- 
mason’s lung ’’ 

The parasitology of the sputum Infection of the lungs by 
the higher animal parasites is not common In hydatid 
disease of the lungs or pleura the characteristic booklets can 



408 KOSESPUT UM—B ASAL ^^ETABOLmI 

sometimes be foimd in the sputum, and small cj-sts ma\ bo 
coughed up entire In cases of endemic h'emoptj'Sis met with 
m China and other parts of eastern Asia the ova of the Para 
gonmus iceskrmantt (p 154) are to be looked for m the 
sputum 

Tlie amcebfe of d 3 - 6 enterj , after rupture of a liver abscess 
into the lung, are looked for m the sputum m exacth the 
same manner ns in the faeces (p 161) Failure to find the 
amceb'e is not imcommoo The orgamsras are more hkely to 
be met with 2 or 3 da 3'8 after the rupture of the abscess has 
taken place 

Bacteriology of the sputum In almost e\er\ puliiionar 3 
affection the sputum suarms with a variety of organisms and, 
apart from the detection of the tubercle bacillus, the recognition 
of the causative bactenum is usually a matter of considerable 
uncertamty 

The following procedure may be followed for the routme 
bacteriological esamination of the sputum — 

(1) The mouth should be clean«ed as far as po«sfble before 
the material is expectorated, but strong antiseptics must be 
avoided m the cleansing 

(2) A sterile test tube fitted with a cotton wool cork and a 
sterile glass filter funnel is provide<l, and the patient is directed 
to remove the cork from the tube to insert the funnel and to 
expectorate down the funnel into the tube The funnel is 
then removed and the tube re-eorked 

(3) Elaborate methods of washing filtering and teasmg the 
sputum are in use but perfectly satisfactory results are 
obtained by 8 impl 3 takmg a loop of the sputum m a stenle 
platmum wire, and plating it out on two blood agar plates 
avithout re-chargmg the loop Discrete colonies are almost 
invanably obtained in this wa 3 

A broth culture is preferably put up as a control at the tame 
time * 

Film preparations are also made 

(4) Incubate the plates till the following mommg 

(5) Evamme the filma and the plates for the predominant 
organisms, and for h'emolvtic bactena 

m^nio JT with the platmum wire sample colonies from the 
lungoectonbculture them 

The cnso nre from the seeondarv cultures into the 
contouriara biiia organisms hkeU to bo of pathological 
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importance Ignore colonies of satcinse, spore bearing bacilli, 
and m most cases staphylococci 

Among the organisms to be looked for in the sputum are 
the following — 

The. tubercle bacillus The methods of examining the 
sputum for tubercle bacilli have already been described 
{p 226) If there is any urgency films may be made from 
the sputum direct, and stamed by the Ziehl Neelsen process 
In the majority of cases it is preferable to carbohse the sputum 
and let it stand till the next day In those cases in which 
tuberculosis is strongly suspected and there is an appreciable 
quantity of sputum, yet no tubercle bacilli have been found by 
the carbobc acid process, a further sample of sputum may be 
treated by the “ antiformm *’ method It is, however, excep- 
tional to detect bacilli in a sample of sputum after treating 
with antiformm if they have not previously been found after 
osrbolismg 

La all doubtful cases at least 15 minutes should be given to 
each slide before abandoning the search, and it may be 
necessary to examine the morning sputum on two or three 
occasions 

If the patient iMth suspected pulmonary tuberculosis is a 
child who swallows the sputum it is worth while to examine 
the fseces for the bacilli by the antiformm method, or the 
gastric washings (p 226) 

The pneumococcus In films made from typical pneumonic 
sputum the characteristic encapsulated diplococci may be 
present in great numbers, but the exact recognition of the 
causative organism requires further investigation 

Direct typing of the pneumococci may usually be made 
from sputum with the help of antisera The method has been 
described on p 239 

^Vhile the majority of cases of lobar pneumonia are produced 
by the pneumococcus, a substantial minority are due to 
streptococci and other organisms Streptococcal pneumoma is 
commoner in children than in adults, and more often has a 
broncho pneumonic than a lobar datribution 

Friedlander's pneutno baciUus This organism is present in 
the sputum m some cases of pneumonia, as well as in other 
conditions It may be found also in the mouth and in the nasal 
cavity 

The bacilli are Gram negative capsulated organisms, which 
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usually appear as short rods, with rounded ends They occur 
in the films in small groups of 2, 3, and 4 
The pneumo bacillus is best isolated from the sputum by 
plating direct on tuo gelatin plates The colonies appear as 
uhite, heaped up points on the phtes, and there is no hqiic 
faction of the gehtm In gelatin stab cultures groivth occurs 
along the track of the inoculating wire, and profusely m a 
round, heaped up grou-th at the surface of the stab The 
groivth in gelatm stab cnltures is desenbed as “ nail shaped 
Litmus toiUv IS acidified and clotted A copious and viscid 
grouth IS ohtamed on an agar slope Both acid and gas are 
produced m the litmus carbohydrate media 

Tht \nfiutnza baaltm The bacilli in the earher stages of 
the disease may be found in very laige numbers m the sputum 
They occur in considenble sized clumps outside the cells, 
and a mmonty of them are intracellular The minute “ dew- 
drop ’ colonies may be obtained m plate cultures on blood 
agar The colonies grow somewhat slowly, and the organisms, 
unless particularly abundant, are apt to bo o\crgrown by 
other bacteria 

Gram stamed film preparations of the sputum counter 
stamed with carbol fuchsm are useful os a means of diagnosis 
The minute red bacilli are sufficiently characteristic 
Slrepiococti These organisms arc very constantly met 
with in the sputum, but are usually not h'emolytic Perhaps 
the commonest bactenum met with in nil samples of sputum 
is a non haemolytic streptococcus of the viridans type S 
ttndans and non hiemolytic streptococci probably play a 
part m a variety of pulraonaiy infections, but mamlv as 
secondary invaders of the lung They are organisms often 
predominant in the contents of a bronchiectatic cavity 

Staphylococci Tliese organisms are frequently found in the 
sputum, and may be responsible for a percentage of bronchitis 
cases S aureus and S cUreus are much le«s commonly 
met with than the white staphylococcus, which a found m 
practicalli all sputa and has no diagnostic significance 

Diphtherta bacillus This bacillas is rarely foimd in the 
sputum, but m cases of hryngeal diphtheria with a membrane 
spreading dowTiwards portions of the membrane may be 
occasionally coughed up Membrane is commonly evpelled 
from a tracheotomy wound, and there is httle difficulty m 
cultivating the bacillus from it 
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T tncent s organisms Bot^ the spirilla and the fusiform 
bacilli may on occasion a^iear m considerable niimbera in 
the sputum and are believed by some authorities to be the 
infecti\'e causes of certain chronic pulmonary affections 
resembling tuberculosis in their clinical course 

Actinomyces Actinomjcosis of the lung is an uncommon 
condition but the organisms may obtain primary lodgment 
in the lung or may bo carried there from a distant focus The 
characteristic granules can be found in the sputum or in the 
pus from an erapjema and should be examined in the ordinary 
nay The beaded Gram positive streptothruc is sutEciently 
characteristic but clubs are practically never met with 
Other streptothrices are occasionallj found and some may be 
both Gram positive and acid fast thus resembling the long 
and beaded forms of the tubercle bacillus The diagnosis of 
a streptothrix infection from the sputum must be made with 
care since streptothrix like organisms may be present m the 
mouth as a contamination from the food and it is advisable 
that the mouth should be thoroughly cleansed before the 
sample of sputum is obtained The actmom^ces organism 
occurs in tufts (see Plate VIII ) of beaded filaments and should 
not be confounded with the long thin beaded bacilli often 
present in sputum nor with the fine fibrmous filaments seen 
m all film preparations from sputum or muco pus 

The plague bacillus In the pneumonic forms of plague 
the causative organism is to be met wth in large numbers in 
the sputum The bacilli are present also m the septicsemic 
form of plague and in the bubonic form but only m the 
latter condition when there is a pycemia with metastatic 
abscesses m the lung The diagnosis in a plague district may 
reasonably be made from the appearance of the bacilli m film 
preparations The bacilli occur in the sputum m pairs clumps 
and short chains The bipolar staining is best seen if the films 
are fixed in absolute alcohol before staining Cultures of the 
bacillus should be obtained if possible but the organism is 
often oiitgrmvn by the other bacteria of the sputum 

Lung puncture Puncture of the lung through the chest 
wall as a means of diagnosis has already been referred to but 
since it 18 a proceeding not devoid of risk is rarely justifiable 
The operation is not mfrequently performed accidentally m the 
expectation of findmg fluid m the pleural cavity and the small 
quantity of blood stained fluid removed from the lung is often 
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sufficient for film preparations and for cultural processes The 
bactenologicai exammation of fluid remored in this nay is 
more satisfactory than similar investigations of the sputum 
Pleura! fluids The nature and mode of examination of 
these fluids has been described m the section on “‘Puncture 
Fluids ” 


BASAL METABOLISM 

The basal metabolic rate is the amount of energv used m a 
gnen time rvben the subject is at complete rest Standards 
have been worked out allowing for the height, weight and age, 
from uhich the basal metabolic rates of normal subjects 
deviate little 

The most important deviations from these standards are 
found in diseases of the thjTtud , m hypothyroidism the rite 
may fall to 60 per cent of normal, and with hyperthjToidism 
rise to 170 per cent of nonnal This nse m the metabolic rate 
runs fairlj closelj parallel with the increase m pulse rate 

Since the araoimt of energy given out when a hire of oxygen 
IS used in oxidation is approximately the same whatever the 
food burnt, the metabolic rate can be calculated from the 
rate at which oxygen is used up > eunple apparatus based on 
the rate of oxygen consumption are on the market A more 
satisfactory, but less simple, method is to collect the patient’s 
expired air m a Douglas bag, measure the amount expired m 
a given time and the oxjgen and COg content Knowing 
the oxj gen content of the external air, the amount used up can 
be calculated The respiratory quotient can also be calculated, 
and more information about the food burnt obtained thereby 

\^Tien these methods are attempted on a patient for the first 
tune considerable alarm is caused unless the patient has seen 
others sirailarlj investigated , this alarm produces a rise in the 
metabohe rate For this reason results are misleadmg unless 
more numerous estimations than are possible to most chmeal 
pathologists are made Although the results are theoretically 
interesting thej show little more than can be learnt bj 
ordinan, chnical examination 

It should not be forgotten that the standards are not 
applicable to persons mth much fat or cedema, as they carry a 
large amount of dead weight 



SECTION VIII.— HISTOLOGY 

CHAPTER XXV 

THE EXAMINATION OF SECTIONS— THE 
INFLAMMATIONS— THE DEGENERATIONS 

THE EXAMINATION OF SECTIONS 

The histological examination of tissues removed during 
life 13 among the most important of the methods of clinical 
pathology, and from the point of view of diagnosis prohablj 
the most difficult There is no other laboratory procedure 
which requires more experience for the interpretation of what 
one sees and the necessary experience cannot be gained bj 
reading but comes from repeated examination of many types 
of the same pathological change 
An acquaintance w ith the normal histology of the tissues is 
essential and the student is advised not only to examine, 
whenever possible type specimens of pathological conditions, 
but also to renew his acquaintance with sections of the normal 
human tissues 

Methods of examining sections The most convenient 
microscope for the majority of histological examinations is one 
w7thout a mechanical stage The most useful powers are a 
Zeiss 2 eye piece with a 1 mch and | inch objective For the 
occasional more searching study of the structure of particular 
cells and small bodies a objective should occupy the 

third place on the triple nose piece An ordinary hand 
magnifying glass is often of considerable assistance 

The sections should first be examined with the naked eye, 
and pomts of considerable importance can frequently be made 
out The naked eye inspection can be amplified by bolding 
the slide agamst the light and examining it further with the 
hand glass The distinction between the normal tissue and 
the abnormal is often obvious, and the general aspect of the 
section 13 of great value when considering the microscopic 
appearance of a senes of “ fields ’ The entire area of the 

413 
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section 13 then carefully g?)ne over uith the 1 inch objective 
Under this power the relation of the normal to the abnormal 
tissues IS definiteh made out, the grosser stnictiires are 
recognised, and to a less extent the relation of the cellular 
elements to the connective tissue is observed 

The i inch objective is used last and most sparingly The 
portions of the section to be examined more particularh will 
have been indicated bv the previous inspection The points 
to be considered are the nature of the cells, their size, shape, 
and staining reaction, and the cbiracter of their nuclei The 
relation of the cells to each other and to the connective tissue 
network is further investigated The observer who pajs too 
much attention to the higher magnification and too little to 
the general examination under the low powers is in danger of 
‘ not seeing the wood for the trees ” Further the naked-e>e 
appearance of the tissues removed must be considered 

The following brief description of the various processes of 
morbid histologj can obviously not be expected to give a 
detailetl account of the various changes which may occur 

THE INFLAMMATIONS 

The inflammations ma^ be divided into acute and chronic 
The chronic maj be subdivided into the chronic purulent or 
pjogenie (pus forming) and the granuloinata Among the 
granulomata is a special group, the specific granulomata, 
comprising tuberculosis, sj-philis, rheumatic fever, Hodgkins 
disease and leprosj 

Acute nflammation This occurs usually as the result of 
irritation bv the toxins of the pvogenic organisms such as 
staphv lococci streptococci pneumococci or gonococci and 
le«s commonlv bv mechanical chemical or other irritants, 
e g formalin 

In its earl> stages acute inflammation is character!, ed bj 
an exudaVnu tA TestCtwn , 'e> t'wdaNvon lAccd. 

plasma formation of fibnn, migration of leucocytes from the 
blood vessels and the appearance of other round cells In its 
later or granulating stage there b a formativ e type of reaction, 
when granulation tissue develops, composed of spindle cells, 
collagen fibrils (white connective tissue) and new capillaries 
Besides all this reaction in the interstitial tissue, which is the 
mflammation proper, the poison or toxin produem^ the 
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inflimimtion maj effect changes m other cells « hicli may be 
present such as epithelial or parenchjnuatous cells e g the 
cells of the h\er or kidnejs 

The changes tn epithelial and parenchymatous cells are either 
proliferative or degenerative Epithelial cells such as those 
of the epidermis tongue larynx renal pelvis etc maj 
become damaged and cast off when involved in an acute 
inflammation and proliferation of the remaimng cells takes 
place to repair the defect the epithelium when not damaged 
maj become thickened bj proliferation The columnar 
epithelial cells of mucous glands and ducts distend themselves 
u ith mucus and are desquamated this process being the mam 
characteristic of catarrhal inflammation The epithelial 
cells hmng the alveoli of the lung proliferate and act as 
phagocjdes ParenchjTnatous cells of the kidnej and liver 
undergo various degenerative changes ranging from cloudy 
swelling to necrosis 

Changes in vessels Although the alterations m rate of flow 
of blood can obviously onl> be seen m the bving animal 
}et m sections dilatation of alt the thinnest vessels of the 
part is often conspicuous Relative increase in the number 
of leucocytes in the blood vessels is also seen In the later 
stages of acute inflammation the small vessels project solid 
1 uds of endothelial cells which become hollowed out to form 
new capillaries in the granulation tissue The exudation of 
plasma {infiammatory adema) can often be appreciated m a 
Section the spindle cells fibrils and other tissue elements 
being separated from one another bj homogeneous hyaline 
coagulated albumin The thickening thus produced often 
simulates fibrosis but this point can be settled by a Van 
Gieson stain in which the fluid is jellow fibrous tissue being 
led This inflammatory effusion is seen in large cavities 
such as the pleura but m microscopic sections it may also 
be seen in small cavities such as acmi or pulmonary alveoli 
The J0ujd jre5URDtJ> clots pwit^ to the arfjnn nf tbrnmbokmase 
given off from dead cells and the.^6nn thus thrown down is a 
common characteristic of early acute inflammation and is 
most conspicuous on serous surfaces such as the peritoneal 
surface of the appendix and m any small cavitj w ithm the 
tissue The fibrin appears as nr^ulariy disposed thick and 
thin filaments stained red with eosin and jellow with Van 
Gieson a stain and blue mth the I\ejgert Gram method 
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Red blood corpuscles escape passively from the ve^els and 
are found free in the tissue, though this js not a sahent feature 
of the ordinary acute inflammation It occurs to a great 
degree however in certain inflammations, such as anthrax, 
and quite frequently m acute mflammation of the gall bladder , 
the inflammation is then described as “ hemorrhagic ” Surgical 
procedures, such as clamping an appendix dunng its removal, 
can induce hsemorrhage into a tissue 

Round celled tnjiUraiiaa The active migration of leucocytes 
from the blood vessels and the formation of other types of 
round cells are among the most obvious and important 
changes m inflammation These various round cells are 
found between the elements of the interstitial tissue and m the 
lumen of such ducts and acmi as may be present, or are seen 
entangled between the fltaments of the fibrin on the surface 
of an inflamed part 

The potymorphonujclear neutrophtl leucocyte i3 the predommant 
migrating round cell m early acute inflammation Its presence 
m large numbers means an intense inflammation In a paraffin 
section stamed uith baimatoxylm and eosm it is easily recog 
nised under the | inch objective It appear? as a small round 
cell with relatively famtiy eosinophil c\iopliism and a deeplv 
hsematoxyphil nucleus composed of two, three or more lobes 
In severe acute inflammation an area of body tissue ma\ be 
destroyed by ferments set free by these leucocytes and the 
cavity thus formed is filled with pus The chief constituent 
of pus as seen in sections is the neutrophil polymorphonuclear 
leucocyte, for the most part degenerate and densely packed 
in vast numbers , other recognisable structures in pus are 
micro-organisms and fragments of dead tissue cells and fibres 
Digestion and replacement of a circumscribed area of tis-ue 
bv pus cells constitute an abscess Bacteria may be seen in 
the neutrophil leucocytes 

The eosinophil leucocyte is not so constantly found, but 
when present is a very conspicuous feature m a hannatovyhn 
and eosm section, owmg to its coarsely granular, bright red 
cytoplasm , its nucleus in on inflammatory infiltration is 
most frequenth bi lobed, but is sometimes without lobation 
Eosmophils are numerous in certain special inflammations, such 
as those due to ammal parasites, but they may also abound 
m the infiltration in the later stages of any common pyogenic 
infection 
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Small lymphocytes are found in an acutely inflamed area, 
but are much more numerous ra chronic inflammations They 
migrate from the blood and lymph vessels, but most authorities 
arc agreed that they are also formed by proliferation tn situ 
in the inflamed area They are easily recognised in sections 
as the smallest round cell present, havmg very little basophil 
cytoplasm and a deeply stamed round nucleus 
The plasma cell is usually present m the later stages of 
acute and in chronic inflammation Clumps of denselj 
packed plasma cells are often found in purulent inflammations 
of some standing They apparently arise locally from 
lymphocytes m the inflamed tissue and are to be regarded 
as altered Ij’mphocj’tcs They are several tunes as large 

as a small lymphocyte They are easily recognised in a 
hsmatoxjlm and eosin preparation by their egg hke shape, 
abundant basophil cytoplasm and eccentric nucleus , the 
nucleus has been likened to the face of a clock, having nodes 
of chromatm on the inner side of the nuclear membrane A 
cell should not be called a plasma cell unless the nucleus has 
this structure , cells Tvhich have the above characteristics 
vuthout the clock face nucleus are called plasmacytoid cells 
The plasma cell does not appear to be a phagocyde, and its 
function in inflammation is unknown It is a common, 
inhabitant of the mucosa of the gastro intestinal tract under 
normal conditions, as indeed are lymphocytes and eosmophil 
leucocytes, and this must be kept in mind Mhen considering 
the diagnosis of inflammation in this area the normal 
presence of these cells is a real stumbling block in the 
diagnosis of the milder degrees of appendicitis 

Characteristic examples of all the above round cells are 
easily recognised in sections, but there are also numerous 
large round cells found m the later stages of acute and in 
chronic mflammations These have various origins, and 
present such shgbt differences from one another in structure 
that it ndj suffice to group them together under the name of 
large mononuclear cells They are generally somewhat larger 
than plasma cells, have a large round or indented, lightly 
stained nucleus with distinct chromatin net and nucleoh and 
a moderately abundant famtly basophil cytoplasm They 
are active phagocytes, and m addition to bactena are often 
seen to contain fragmented or complete neutrophil leucocytes, 
red blood corpuscles and blood pigment, as well as other 
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pigments and debna These ore Sfetchnikofls inacrophagts 
Thej are also calletl large wandering jihagocyhc cells 5Iallor\ 
Mould name nearljt all of them efulolhehal leucocytes Tlie> 
probabi} ha% e inanj origins and belong to m hat is now called 
the “ reticulo-endothelial system *' This ‘ st’stem ” comprises 
\anous cells in different parts of the bodj, which were first 
grouped bj Ribbert in 1904 because during intravitam staining 
he found the^ took up carmine It is a “ sjstem ” founded on 
function and not on similarity of origin These cells are 
the reticulum cells of the spleen and lymphatic glands, the 
endothelial cells of the \enous sinuses of the spleen and the 
IjTnph sinuses of the Ij'mphatic glands, Kupffer cells (large 
capilhrj endothelial cells) m the liver, endothelial cells of 
the marrow , and “ histiocytes ” or cells found in the dermis 
and in the connective tissue of most organs All these cells 
are concerned with the destruction of red blood corpuscles 
in normal and abnormal conditions, and thej also give nse 
to the large mononuclear phagocytes of inflammation , but 
some of the latter also arise, according to Mallory, by the 
division and migration of the endothelial cells of small vessels 
The large mononuclear leucocyte or hyabne cell of the blood 
IS thought to belong to this sjstem 

Tlie fibroblasts, as the spindle cells of fibrous tissue are 
called, proliferate m the later stages of acute mflammation 
and in the stage of repair The newlj formed fibroblasts 
mat be much larger and stouter than the cells from which 
thej took origin They tarj from a spindle to a round or 
stellate shape The majontj have otal or spindle shaped, 
hghtlj stained nuclei, and moderately abundant lightly 
stained cj-tophsm, ivhich is extended at the various angle<i of 
the cell into long tapering processes Thej secrete outside 
themsehes collagen fibres (white connectue tissue fibres) 
The newlj formed collagen fibres are stained jellotv bj Van 
Gieson’s stain, but soon thej are stained pink, and finally, 
as the formation becomes den'^e in late mflammation or 
repair thej maj take a deep red tint In the inflamed area 
the capillary endothelial cells divide to form new capillaries 
which connect up Avith one another to proynde a fredi circulatory 
8j stem 

In the late stage of infiammation the round cells graduallj 
(licappear , the collagen fibres mcrease, become more densely 
packed and arranged parallel m bundles, while the fibroblasts 
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become fewer and revert to then- ongmal narrow spindle form 
and the majontj of the new capillaries close and \anish The 
inflamed tissue thus changes into a relatiweJj anaemic scar 
Elastic fibres gradually develop m the scar 

In 2nfiamtnat!on of certain tissues other cells may plaj a 
part the pulmonary alveolar epithelial cells and the serous 
endothelial cells of the pleura peritoneum and pericardium are 
examples of actively phagocytic large round w andermg cells 
Generally speaking therefore the folloinng are the 
features to he seen in a section of tissue in a state of well 



Plasma Cells and Fibroblasts Drawn under i mcl Objective 

establwhed acute inflammation newlj formed joung fibro 
blasts arranged irregularly delicate new collagen fibres 
an abnormal number of capillaries faintly eosinophilous 
hjalme substance which is exuded plasma separating the 
tissue elements (inflammatory oedema) filaments of fibrin 
round cells of \ arious types and in varying proportions nz , 
neutrophil and eosinophil leucocytes IjTnphocj'tes plasma 
cells and large mononuclear cells An inflammatory tissue 
composed of these elements is called granulation tissue ’ 

The organisms causing the uiBammation may often he 
found m abundance in sections stained with Grams or other 
methods, and indeed they aie often recognised easdy in sections 
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stained A\ith lijeraatoxjhn, but success m this matter maj 
depend largely on the patience of the searcher 

In less intense acute inflammation or subacute inflammation, 
the infiltration is relatively spar*^?, and neutrophil leucocytes 
are scanty or absent 

Chronic pyogenic inflammation results when an infection bj 
pyogenic organisms is checked by the reaction of the tis'jues, 
but still persists , it is frequently associated w ith the presence 
of infected foreign bodies, concretions or portions of necrosed 
bone Conspicuous infiltration by neutrophil leucocytes, inth 
or mthout the formation of abscesses, is combined mth 
abundant fibroblastic proliferation, fibrosis and infiltration 
wth lymphocyiw, plasma cells, eosinophil leucocytes and 
large mononuclear cells 

“ Fat granule cells ” or “ foamy ” cells, though found in 
other conditions, are specially characteristic of chronic purulent 
inflammation These are phagocytes, which load tbemsehes 
uith the fatty and hpoid substances set free during mflam 
matory destruction of tissue They are seaeral times the size 
of a plasma cell and in a paraflin section, when the ingested 
fats ha\e been dissolved in the proce«s of embedding, the 
cytoplasm has an extremely rarefied, v acuolated or " foamy ’ 
appearance, the nucleus being relatively small and round 
These cells often form groups large enough to be seen with 
the unaided eye as yellow specks and streaks 

Human actinomycosis should be classed among the chronic 
purulent inflammations It is not a true granuloma, as it is 
always associated with the formation of jnis and some of its 
lesions are simply acute absce<ises The more chronic actmo 
mycotic lesion is a mass of fibrous granulation tissue penneated 
with abscesses, it has no special histological features, but 
fortunately the causative organisni is frequently conspicuous 
in the abscesses 

A granuloma is an infiammation in which proliferation of 
fibroblasts and other cells of the fixed tissues is such a salient 
feature that “ tumours ” of granulation tissue are liable to 
be formed Any chronic inflammation, whether purulent or 
not, can form a tumour like mass of granulation tissue and 
may therefore be called a granuloma , but it is convenient fc 
confine the term granuloma to histological reactions which are 
characterised by conspicuous prolifemtion of the fixed tissues 
(formative reaction) and by httle or no exudative phenomena 
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According to this histological definition the grannlomata are 
non purulent 

A granuloma can be produced by \ anous forms of irritant, 
e g , inhalation of dusts in pneumonokoniosis, but the most 
tj’pical examples are seen among the diseases knoun as the 
specific granulomata, i\hich are so named because each 
displays more or less specific characters 

Tiibercvlosts The most characteristic tuberculous lesion 
IS the granulomatous tubercle The centre of a typical 
granulomatous miliarj tubercle is occupied by one or more 
multmucleate giant cells and 8e\cral rounded or polygonal 
cells, which from the abundance of their endoplasm are knowm 
as epithelioid cells Round these there is usuallj a zone of 
more spmdie shaped cells In the penpherv of the tubercle 
IS a zone of infiltration with 1} raphocj'tes The giant cells 
UBualh haxe ill defined borders centra! pallor and vacuolation 
of the cell bodj and peripherall> placed pale o^al nuclei 
Slore spindle cells are seen as the process continues, and 
between these some coihgenous fibres are developed Charao 
teristics of the epithelioid and spindle cells are the poor 
definition of the cell bodies and the swollen and lightly stained 
appearances of the nuclei Plasma cells are rarely found in 
the infiltration round a granulomatous tubercle and eosinophil 
leucocytes almost never occur In the caseous tubercle the 
centre is occupied by an area of necrosis, called caseation 
because of its macroscopic resemblance to cheese Bound 
this is a narrow zone of granulation tissue similar to that 
which forms the granulomatous tubercle The caseous area 
consists of granular d^bns stained bj eosin in which a few 
small fragments of nuclei are deeply stained by hsematoxj bn 
In Van Gieson preparations collagen fibres and ghosts of cells 
can seldom be recognised, because these are rapidlj dis 
integrated Elastic fibres are also rapidlj destroyed in 
tuberculous caseation 

<fir sataisvis msj KSalt ta the <?/ a 

creamj fluid from the caseation — so called “ tuberculous 
pus ’ — ^but this contains only a few neutrophil leucocytes, 
whereas the true pus of the pjogemo inflammations is packed 
w ith them 

Tuberculous inflammation is usually, but not invanably, 
granulomatous In acute tuberculosis, particularly of the 
bronchioles and ah eoh of the lung the inflammation ran} be 
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entirely evudatne An exudation of pla«ma from which 
fibrin is procipitatetl is assocuited with infiltration bj 
neutrophil leucoci-tes and proliferation and desquamation of 
alveolar epithelial cells The process can onh be distinguished 
from that due to p^ ogenic organisms for instance the pneamo 




coccus b' the presence of tubercle bacilli and the tendency to 
caseate In tuberculous inflammation of the serous sacs 
exudation into the sac of plasma with the precipitation of 
fibrin IS usualh combined with granulomatous inflammation 
of the wall of the sac 

Phlebitis and arteritis with gi^t thicl.enmg of the mtima 
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granulation tissue (endophlebitis and endarteritis) are 
frequently found in tuberculous lesions, but are not so 
constant as in gummatous syphilitic reactions 

The diagnosis of a tuberculous lesion is not complete 
\Mthout the identification of tubercle bacilli Sections of 
tuberculous lesions suitably stained are occasionally found 
to be snarmmg with tubercle bacilli, but as a rule bacilli are 
scanty, and a negati\ e result of a search for them has therefore 
a value in direct proportion to the extent of the search 

Syphilis The histological diagnosis of congenital syphilis 
arises more in post mortem work than m the clinical 
laboratory, so it will be dealt with briefly In infants the 
liver IS the seat of a \ery widespread pericellular diffuse 
fibrosis Osteo chondritis is found at the grow ing parts of 
long hones The hver and spleen are infiltrated with myelo 
cy’tes, myeloblasts and other primitive blood cells indicating 
a persistence of the fcetal blood formation m these organs 
Vast numbers of spirochates are found m the suprarenals and 
in the liver , in other tissues they are usually less numerous 
Fibrous pneumonia { ‘grey pneuroonn) is a rare lesion In 
older children congenital syTihilitic lesions are nimilar in their 
histology to those of acquired syphilis but tend to be bilateral 
Acquired syphilis The primary chancre has no very special 
histological features It is a localised area of spindle celled 
proliferation with formation of a bttle collagen fibre swelling 
and proliferation of the intimal and adventitial cells of the 
small vessels and diffuse infiltration by plasma cells and other 
round cells neutrophil leucocy'tes are onh found close to 
the ulcer that is usually present 

The secondary lesions (cutaneous papules mucous patches 
and condylomata) show an inflammatory infiltration similar to 
that of the chancre, and occasionally groups of epithelioid 
and small multinucleate cells There is also a variable degree 
of proliferation of the o\erlying epithehal cells Spirochfetes 
tend to he in the epithelium The enlarged glands are usuallj- 
crow ded with plasma cells 

Tertiary lesions are occasionally sent to the pathologist 
for examination Gummata of the skin muscles, tongue or 
testicle are sometimes mistaken for neoplasms and so removed 
A typical gumma has a relatively small area of necrosis 
or gummatous caseation in which, in contrast to tuberculous 
caseation, many collagen fibrils and ' ghosts’ of cells w ithout 
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nuclei are distinguishable , elastic fibres al^o pereist for a 
longer penod than m tuberculosis Around this is a relativeh 
broad zone of verj fibrous granulation tissue consisting of 
spindle cells, numerous collagen fibres and an abundant 
infiUratiOTi with round celjs, especially plasma cells, but also 
eosinophil leucocytes, lyunphocytea and large mononuclear 
cells Strands of fibrosis extend ixndely into the surrounding 
tissue The arteries and >cins in and near a gumma show 
endophlcbitis and endarteritis haring their intima greatly 
thickened by spindle and round celled grmuhtion tissue 
uhilst their adventitia and to a less extent their media are 
affected in the same way Giant cells not infrequently appear 
near the border of the necrosis Tliey may be absolutely 
identical vi ith the ty^pical tuberculous giant cell, but usually are 
smaller and more sharply defined , they are frequently absent 
The zone of granulation tissue surrounding the area of giim 
matous necrosis is tyTiically very vnde, but occasionally narron 

A definite diagnosis can be made u hen one is dealing with 
a typical gumuuv, but it is generally admitted that m many 
cases it 13 impossible to differentiate on histological ground 
between gumma and tuberculosis A useful practical point 
to remember is that small granulomatous tubercles of typical 
structure or more commonly small nodules composeil of 
snoUen ill defined epithelioid cells, are usually found in the 
periphery of a large tuberculous area Further, gummata are 
exceedingly rare in the lymphatic glands brain, kidney and 
spleen Spirochajtes unfortunately have rarely if over, been 
found m gummata 

2\on gummaloiis syphilitic tnjiammnttojis, which are typical 
of the late or parasyphilitic stage are still more difficult 
to diagnose with the microscope They are lesions of a Ic«s 
intensity than gummata They are characterised by an 
infiltration with lyunphocytes, plasma cells and a few 
eosinophil leucocytes and a slowly progre'^ive fibrosis Such 
lesions are found m the testicle, myocardium, aorta 
periosteum, etc and m the menmgo-encephalitis of general 
paraly sis Endartentis is typically absent 

In difficult cases it is obviously of great importance to sum 
up all the evidence histological, serological and clinical 

Around foreign bodies, such as sutures, giant cells and 
epithelioid cells mav be found The foreign body giant cells 
show more multiphcity of shapes than the tuberculous or 
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sj'philitic giant cells and their nuclei tend to be scattered 
through the cell The foreign bodies are U'siiallj conspicuous 
sutures are pale brightly refractive objects m a section and 
the giant cells tend to be curved so as to envelop them 
Hodgtins disease There can be no doubt that tins is a 
granuloma The harder glands give the more characteristic 
changes The infiltration quickly replaces the uhole structure 
of the glands so that feu if any germ centres and lymphatic 
sinuses can be recognised The reticulum cells of the glands 



Fig 31 — Lvniphat c Gland n Hodgk n s D sease Drawn under 
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prolifervte and give rise to large round oval and spindle cells 
from these are formed giant cells the most typical of uhich 
shou the greater part of the cell occupied by many super 
imposed pa\e nuclei with very large nucleoli owing to 
protoplasmic shrinkage in the fixative tlie giant cells frequently 
seem to lie m spaces Other forms of giant cells are frequent 
such as those with a deeply stained tortuous mass of chromatin 
suggesting the nucleus of a m^karyocyde The proliferated 
reticulum cells of various sizes and shapes nnved up with 
collagen fibnls lymphocytes a few plasma cells sometimes 
numerous eosinophil leucocytes and scattered giant cells of 
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different «izes make up i \en charxcten-stic picture In 
later stages collagen fibres are increased m hilst the free ceils 
become scantier until ultimatelj den«e hjalme fibrou's nbbons 
ina 3 be predommant 4reas of necrosis verj similar to 
tuberculous ca«eation are not uncommon The t\-pica! 
picture descnbed is not mvanabl^ shown Some legions ma\ 
be composed of large round cells of uniform t\'pe rcberablmg 
endothelial cells Differential diagnosis from Ijmphosarconia 
is then impossible 

Rkeiimalic granuloma hardly erer comes into the practice 
of the clinical laboratory It is seen in rheumatic endo 
carditis mjocarditis etc The granulomata are composed 
of spindle and triangular fibroblasts collagen fibrils com 
parativeh small multinucleate giant cells rather of the Hodgkin 
tj-pe and an infiltration with h'mphocx'tes and other round 
cells and thej usuallj show central fibnnoid degeneration 
Ultimately the inflamed area becomes densely fibrotic and 
the fibrotic tissue is frequently calcified 

lAprosy In an active nodule from the skin there is dense 
infiltration of the dermis with la^e epithelioid cells and small 
round cells such as l^miphocyles The diagnosis is usually 
easily made b} the finding of large numbers of Hansen s acid 
fast bacilli grouped inside the epithelioid cclh They are to 
be stained by the «ame method as that given for tubercle 
bacilli in sections (p 471) but 12 per cent acid must l>e u^ed 
for decolonsing in place of 2o per cent In old leprous legions 
there may be simply a deme fibrosis of the dermis 

Myco-iis fuvgoides is a chronic granulomatous inflammation 
The legions are characterised by an infiltration with large 
and small lymphocytes laige mononuclear leucocytes plasma 
cells and eosinophil and neutrophil leucocj’tes associated with 
a probferation of fibroblasts or of reticulum cells the«e 
processes leading at first to the formation of massire cellular 
nodules and later of scars Eosinophil leucocj-tcs are usually 
abundant and conspicuous the fibroblasts in the earlj stages 
are spheroidal but later become spindle shaped there are 
occasionallj large giant cells with numerous small oval nuclei 
that are usually disposed 3 jenphcrill\ The gramiloraatous 
nodules occur for the most part m the skin but similar nodules 
may be present ynthm the body for instance in the mucosa 
of the tongue in the mj-ocaidium and m the liver yrhilst m 
the lymphatic glands and spleen theie is a general inflammatory 
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infiltration of simihr cj'tology witli or ^nthout focal areas of 
sclerosis 

'Molhcscum contagwsum occurs m the form of small 
nmbilicated nodules in the skin and is definitelj contagious 
It maj be found in anj part of the skin and may be inoculated 
from one part to another The tumours maj develop though 
rarely on the penis and be mistaken for chancres 

Sections through a nodule ha\e a verj characteristic appear 
ance Under tlie low power the nodule is seen to be composed 
of a number of club shaped invaginations of the epidermis and 
of isolated trans\ erse sections of the deeper portions of such 
ma aginations Each invagination is bounded extemallj by a 
basal layer followed intermllj bj a narrow zone of prickle 



cells which are usually rounded and slightly swollen internal 
to this the cells become grossly swollen and rounded the 
cj'toplasm 13 occupied by round eosinophil bodies in the meshes 
of a delicate net of h®matoxyphil threads and the nucleus is 
flattened upon the surface In the stratum lucidum and 
corneum the swollen cells become hyaline deeply eosinophil 
spheres with a nucleus upon the surface 

THE DEGENERATIONS 

The degenerations are more often studied in post mortem 
w ork Some of them are occasionally seen in tissues removed 
during life so a brief account of the commoner will be given 
here 

Albummous degeneration (cloudy swelling) This is an 
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extremely common condition, occurring Ti‘!uaU^\ m chemical 
or bacterial intoxication It is found in the epithelial cells 
of the cortical tubules of the kidne\ , the hepatic parenchjuia 
cells and the mjocardial fibres In a fresh, unfixed, unstained 
section, mounted in sabne, the cyloplism is full of obvious 
granules uhich obscure the nucleus and Tvhich disappear 
when dilute acid or alkali is introduced under the cover slip 
In paraffin sections the cells are still obnouslj granular and 
verj swollen , m the kidnej thej partly obliterate the lumen 
of the tubules The nuclei shou the degeneratne change 
known as chromatdyats, in which the nucleus is stained aery 
fainth and caentualU maj disappear Collection of the 
chromatin of the nucleus into a deeplj stained clump maj also 
be seen and is known as pyhnoata If the cells imbibe fluid 
and swell still more, and vacuoles appear in the cjicplasm, 
the condition is called hydropxc or vacuolar degeneration 

Mucous or mucoid degeneration is found m fibro-cartilage 
and la practicallj the only change ever to be found in the 
commonh removed semilunar cartilage A mucous or mucoid 
change occurs m chondromata, sarcomata and carcinomata 
In the tissue affected there is a development of gelatinous 
maternl which in paraffin sections stamed with hiematoxjlm 
andeo«m is composed of veiyfine threads and granules stamed a 
faint blue , they are stained bright red with muci carmine stain 
Hyaline degeneration The term hyalme does not denote 
an^ specific change, but is used to de«cnbe anj' change under 
which a tissue assumes a homogeneous glassi appearance 
like cartilage matrix The commonest is hyaline jibrous 
degeneration, where the fibnb of fibrous tissue swell up and 
fuse together and are stained deep red with \ an Gie^on’s stam 
It IS very common in artenal degenerations, scar tissue and 
fibrous neoplasms In other hy nime degenerations the material 
IS stamed yellow with Van Gieson , this is sometimes seen in 
small artenes m the kidney Little is known concerning the 
chemical nature of these changes 

Hyaline droplet degeneration occurs in the tubular epithelium 
of the kidney’ in certain forms of Bright’s disease Round 
droplets of vanous sizra, often as large as a red corpuscle, and 
staining brightly with eosm, appear m the cytoplasm The 
droplets are Gram positive 

Amyloid or lardaceous degeneration is an example of a 
hiahne” change the nature of which is known It occurs 
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especially whenever there ja prolonged suppuration as in 
chronic bronchiectasis or secondary pyogenic infection of 
tuberculous or syphilitic lesions and more rarely m chronic 
inflammation such as the granulomata without suppuration 
There is a deposit of the amyloid material (chondroitm 
sulphuric acid combined with a protein) m connectue tissue 
fibrils especially those of the walls of the small arterioles and 
arteries The fibrils swell and eventually whole areas of tissue 
as in the li\ er may be replaced by the amyloid material the 
tissue cells undergoing fatty degeneration and necrosis from 
deficient blood supply 

In paraffin sections stainei) with 2 per cent gentian or 
methj 1 violet and washed with 2 per cent acetic acid the 
amyloid material is stained pink 

Fatty changes Fatty tnjiliraiion is an increase of fat in 
cells which normally store fat in a \ isible form i e adipose 
connective tissue cells and the hepatic parenchyma cells 
The change is simply an adiposity an excess of food material 
IS brought to the cells and is not metabolised but is stored 
The fat tends to form a single large globule distending the 
cell The nuclei show no degeneratne changes The causes 
are those of obesity excess of nutriment and disturbances 
m the endocrine glands 

In fatty degeneration fat appears m cells which do not normally 
contain it in a visible form eg the renal epithelium and 
cardiac muscle cells but it also affects the hepatic parenchyma 
cells The fat is iiauaJly in multiple small droplets in the 
cells The nuclei show degenerative changes chromatolysis 
and pyknosis Following fatty degeneration cells frequently 
go on to necrosis when the nuclei may show karyorrhexis 
or breaking up of the nucleus into deeply stained fragments 
Fatty degeneration is caused by chemical and bacterial poisons 
or deprivation of nutriment It is invariably preceded by a 
stage of cloudy swelling In fatty degeneration tlie fat is 
partly broiigit to the cells iiom elsewhere and is partly derived 
from the protoplasm of the cells The fatty substances are 
dissolved out by alcohol and chloroform in the process of 
prepanng paraffin sections when large vacuoles are left in 
the cells the condition can be identified but this is not so easy 
m the case of small droplets In order to retain the fat in 
the tissues frozen sections are necessary and they may be 
stained with Seharlach R or Sudan III 



430 THE INFLAMMATIONS— THE DEGENERATIONS 

In fattj degeneration the fatt} substances in the cells are 
neutral fats and fattj acids Ltpoxdal degeneration also occurs, 
and the lipoids that appear in the cells are mainly cholessterol 
esters Fattj and lipoidal degenerations frequently occur 
together Fats and lipoids are stained almost the same tmt 
Mith Scharlach R and Sudan HI , hut uhen unstained frozen 
sections are examined under the polarising microscope, the 
lipoids are seen to be doubly refractile and the neutral fats 
are not Lipoids are found in \ anous forms of Bright’s disease, 
but also occur in atheroma and many other conditions, and 
are abundant in normal suprarenal cortex 

Calcareous impregnation Calcium is deposited in the tissues 
in many conditions, chiefly’ in areas of necrosis, especially 
ca'ieous necrosis, and in arterial degeneration In order to 
obtain sections it is usually necessary to decalcify the tissue 
partially Calcium is very conspicuous in sections as the 
granules are stained very deeply with hiematoxylm 

Pigmentation Figments that are formed inside the body 
(endogenoxts) are chiefly melamns, lipochroraes and denratives 
of hsemoglobin The latter arc hsmosiderm, bile pigment 
(bilirubin, etc ), and hajmofusem Hamoaidenn is extremely 
commonly seen m sections, appearing as fine broirmsh granules 
It contams the iron of the haemoglobin, and when a section 
IS appropriately treated (p 472) the pigment is stained greenish- 
blue (Perl 8 test or Prussian blue reaction) It is found m 
phagocytes after hsemorrhage into tissues, and m hepatic, 
renal and other cells in permcious and aplastic ameniias , 
also in hepatic, pancreatic, lymphadenoid and other cells 
in haemochromatosis, a condition characterised by abnormal 
retention in the body of haemosidenn and hiemofuscm In 
jaundice bile pigment is seen m hejiatic, renal and other cells, 
as a green or a yellowish pigment, which gives Gmehn’s 
reaction 

Melanin appears as brown or brownish blach pigment, and 
in a section closely resembles hsemosidenn, but can be distm 
guished by the fact that it does not give Perl’s test It occurs 
m the skin in freckles, in Aildison’s disease and in raanv skin 
conditions, including melanotic neoplasms 

Ltpochromes are the fatty’ pigments Yellowosh brown 
bpochrome pigment is foxmd in the protoplasm of cardiac 
muscle cells at either pole of the nucleus in brown atrophy 
of the heart, and in hepatic cells m brown atrophy of the Iner 
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That this pigment is a Iipocbrome can be demonstrated bj 
staining ^vith Scharlach R or Sudan III 
The chief pigments that are taken into the body from 
nithout [exogenous) get in by the aimaj and give rise to a 
large group of conditions kno\vn as pneumonokoniosis The 
commonest are anthracosis (inhalation of soot or coal dust) 
and sihcosts (inhalation of dusts contaimng silica) These 
particles can be recognised in the lung and bronchial glands 
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breast and m certain <^sts of the o%arv In the breast the 
core IS usually composed of a great number of tepeatedl\ 
branched processes and these are covered by a double rovi of 
cubical epithelial cells similar to those which line the normal 
ducts In malignant examples the covering consists of 
several cells and these usuall} 'ary vn size and shape Ownng 
to the branching of the core in both examples and consequent 
tangential section it is frequentlv verj difficult to decide 
whether the cov ering is composed of a double row of cells 
arranged tj^pically or of several rows of cells arranged 
irregularly Inasmuch as the lienign examples are liable to 
become malignant it is expedient to regard the condition as 
malignant when there is difficulty in deciding this point 
Other adenomata anse within the substance of glands 
They are composed of tubules or alveoli lined with epithelium 
similar to that which lines the normal ducts or alveoh The 
tubules and alveoU are embeddeel in a stroma of vascularised 
fibrous tissue Biscnminatioo is sometimes difficult between 
adenomata and diffuse overgrowth ofa gland as in the tbvroid 
Enlargement of the thyroid or goitre is apart from malignant 
neoplasms divided into diffuse and nodular In diffuse goitre 
there is uniform enlargement of the thyroid It is subclivided 
into colloidal and a colloidal In diffuse colloidal goitre the 
thyroid is composed of acini of varynng size full of typical 
colloid and bned with small cubical or flattened cells with a 
well defined inner border Piffiise a colloidal goitre is the 
form found m Graves disease Here the acini contam no 
tyTMcal colloid or relatively little the fluid in the acini tends 
to be lightly stained ind thin looking the majority of the 
cells are large even columnar vnth ill defined inner borders 
and laige nuclei occasional cells may have large hvper 
chromatic nuclei or more tlian one nucleus '•mall papilla? 
may project into acini or desquamated cells he in the 
acini some acmi have no lumen being solid masses of 
cells lymphoid nodules he in the connective tissue between 
the acini After a patient has had lotline treatment many 
of the acmi may contam colloid In nodular goitre the 
enlaigement of the thyroid is due to the presence of adenomata 
but the intervening thyroid tissue may itself be in a state of 
hvperplasia and m some case's the adenomata are liardly true 
neoplasms being merely local exaggcratiors of the changc« 
in the rest of the gland Adenomata are colloidal or a-colloidal 
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Colloidal adenomata maj be smgle but are usually multiple 
Tbeir structure la that of diffuse colloidal goitre Thej may 
be separated bj a fibrous capsule from the surrounding thyroid 
tissue \\ho8e acini are flattened from compression A colloidal 
adenomata are of a arious forma of them are not entirely 

a colloidal but they are mainly composed of solid strands or 
acini of small or large cells One variety is important in that 
it is liable to become malignant It is composed of columnar 
cells hning long branching tubules which may contain papill® 
and may be cystic Adenomata of the thyroid are clinically 
dmded into toxic and non toxic Examination of the histo 
logical structure does not enable one to state with accuracy 
whether an adenoma is toxic or not but the majonty of the 
toxic adenomata are of the a colloidal vanetj In the thyroid 
in all forma of goitre but especialli ui the nodular form the 
following secondary changes are common cysts from dis 
tension and fusion of acini fibrosis w Inch may be extensive 
and hj-ahne calcification recent or old hffimorrhage 
necrosed tissue containing cholesterin crystals 
In some adenomata the connective tissue is in greater amount 
than is usual in the normal gland and then the term jibro 
adenoma is used this is common in the breast In mammary 
adenoma the stroma frequently grows to such an extent as 
to fiatten the tubules of the adenoma and con\ert them into 
branching slits the stroma as it were grows into the tubules 
or canaheuh and so this form is called canalicular 

Jibro adenoma It is the commonest vanetj of adenoma of 
the breast ^\Tien the fibrous stroma simply grows round 
the tubules the tumour is called peri canalicular fibro adenoma 
The two forms often exist in the same tumour 

Involuntary muscle may fonn the stroma of an adenoma and 
then it IS called myo adeiMwno as in the prostate If the tubules 
of an adenoma are wide it is called a cystic adenoma or cyst 
adenoma such adenomata are common m the o\ary There 
are two types o1 ovarian cyst adenoma ’The pseuAomucinous 
cyst adenoma is usually found to ha\e completely replaced the 
ovary it is usually multilocular and may reach an enormous 
size The loculi have thm walls of fibrous tissue rich in small 
spindle cells contain a viscid fluid (pseudomucin) and are 
lined with tall columnar cells which have a pale aacuolated 
cy’toplasm frequently distended by pseudomucin and nuclei 
arranged neatly along the basement membrane Because of 
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the histological resemblance of these cjsts to the mucosa of 
large gut the occasional presence of involuntary muscle m 
the stroma and the less frequent ossociahon nith dermoid 
cjsts it has been suggested that thej are teratomatous m 
origin licss likely exphnations of their origin are that they 
arise from the germinal epithelium or from the follicles The 
epoophortc cyst adtnotna is usually unilocular contams thin 
■watery fluid and is lined with cubical or short columnar 
epithelium Frequently hut not always it shows papillary 
projections on the inner surface these have a club shaped 
or dendritic core of fibrous tissue covered by a single layer 
of epithelium The epoOphorie cyst is known as the 
papilhferous cyst adenoma of the ovary but as it has not 
always got papillae and as it anses in the epoOphoron near the 
hilum of the o'Vary it is best called epoOphoric The remnant 
of ovary is often found flattened out m its wall It is also 
known as serous cyst adenoma on account of its thm serous 
fluid content Some authorities assert strongly tliat it anses 
from germinal epithelium Both the pseudomucinous and 
epodphono cyst adenomata may become mabgnant The 
epithelial cells are then arranged to a greater or less extent 
m several layers the regular orientation of their nuclei being 
lost and v ary in size and shape The other forms of ovarian 
cyst are follicular lutein cliocolate and dermoid The 
folhetdar cyst is frequently multiple and usually small but 
occasionally reaches the size of an orange It contains thm 
clear fluid and is lined by one or more rows of small spheroidal 
cells with scanty cytoplasm and shows a theca interna con 
taming interstitial cells The lutein cyst has a similar lining 
but the theca interna is occupied by numerous large polygonal 
lutein cells The chocolate cyst may reach the size of a 
grape fniit it contains chocolate coloured or black altered 
blood it develops as the result of menstruation m areas of 
ectopic endometrium that appear m the ovary and is some 
times caffeef an cTidometncmia 'Ihe endometriaf Iming has 
usually been destroyed extensively or completely and is 
replaced by a layer of large phagocytes loaded with pigments 
derived from hfemoglobin Any remnants of endometrium 
consist generally of a layer of cubical or columnar possibly 
ciliated cells lymg upon a narrow zone of endometrial stroma 
rarely small areas of glandular endometrium can be seen m 
the neighbourhood The dermoid cyst is a teratoma 
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Malignant Epithelial Tumours 

These are the carcinomata The malignant epithelial cells 
are the essential element m the tumours, but as the cells 
proliferate and penetrate bodj tissues fhe^ produce a reaction 
on the part of the host which provides a stroma of vascuJarised 
connective tissue The cancer cells he in groups in thw stroma 
Usuall} there is an infiltration of the stroma with Ijinphocrtes, 
eosinophils and plasma cells 

Vanous points in their histological structure are made use 
of in the cla'!sification of carcinomata — 

(1) Prevaihng tj’pe of cancer cell m a growth Squamous 
celled, squamous and homy celled, basal celled, spheroidal 
celled, pohgonal celled, cubical celled and columnar celled 
carcinomata 

(2) Manner of arrangement of the cancer cells Tubular, 
sobd acinar, trabecular, papUhry and papillary cjstio 
carcinomata 

(3) Amount of stroma Medulkiy and scirrhous car 
emomata 

(4) Nature of chemical substance found in the caremoma 
Pecudomucinous or mucous carcinomata 

Squamous celled caranoma This growth ib frequently 
called epithelioma It mav arise m any place where there is 
squamous epithelium and also occasionally , by a tissue change 
called metaplasia, in places where normally the epithelium is 
not squamous, e g , gall bladder, bronchus, breast and stomach 
It frequently develops as a sequel of long -continued irritation, 
such as \ rays on skm and stones m gall bladder or renal 
pelvis 

On the skm and other surface*, it is composed of long 
branchmg processes of squamous epitbclinm which grow 
downwards and destroy underlymg tissue Tlitis in the tongue 
the muscularis is usually invaded The epithelial cells of 
which the processes are composed are not so uniform m size, 
shape and arrangement as in the benign papilloma and the 
normal epidermis The variation m size, shape and staining 
reaction of the epithehal cells and their nuclei is usually con 
spicuous , very large cells with large deeply’ stained nuclei 
are frequent , multinucleate examples are usually present 
The regular limiting layer of basal cells i& frequently absent, 
especially fromthemostdeeplyseatedprocesses Theprocesses 
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may indeed be verj poorly lunited and about them there 
may be email isolated groux® and strands of spheroidal or 
polygonal epithebal cells Pnckle borders are absent to a 
greater or less extent Groups of concentrically arranged 
homy scales and nucleated hornj cells the so-called horny 
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pearls or cell nests are usuallj found irregularly distributed 
wjthm the processes 

Rodent ulcer is a basal celled carcinoma t e a carcinoma 
composed of cells resembling those of the basal layer of the 
epidermis The chief site of origm is the skm especially the 
skin of the face The growth consists either of narrow 
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amstornosmg processes or of large club like proce<«es The 
processes are composed of oval or pohgonal cells bounded 
evtemallv bj a single row of regularU arranged cubical or 
columnar cells The cells are BmiU and haa e a scantj ba'»oplul 
protoplasm and an oval deeply stamed nucleus Frequeiitiv 
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portions of the stroma surroundwig the processes are composed 
of jelly tissue being greatly rarefied and permeated bv threads 
and droplets of mucus 

Tubular columnar or cubical celled carcinoma This is 
often called adeno-caremoma Carcinoma of the large gut is 
nearh alnajs of this tj-pe It is iisualh ulcerated In the 
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base of the ulcer all the lajere of the gut v all are replaced bj a 
cancerous tissue composed of tubules disposed irregularly 
m 1 fibrous stroma uhicb is infiltrated by round cells The 
tubules are 's erj irregular m size and shape and are lined by 
deeply stained columnar and cubical cells n ith dark rod shaped 
nuclei rvhich he at all levels m the cells Similar carcinoma 
of the email gut is very rare 

Solid acinar or alveolar polygonal celled carcinoma This 
IS the commonest tjpe found in the breast It is often called 
caremoma simplex because of its simple structure but this is 
confusing because the term carcinoma simplex has also been 
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used to denote a carcinoma containing a moderate amount of 
fibrous stroma and thus lying midnay betueen scirrhous and 
medullary carcinoma The cancer cells are \ suallj polygonal 
in shape but may be spheroidal cells Thea are large hg}itl> 
stained and have a sharpH marked cytoplasmic border Thej 
are arranged in more or Je^s rounded solid masses (solid acini 
or alveoli) Areas of trabecular carcinoma occ ir where the 
carcinoma cells are in narrow strands 

In a scirrhous carcinoma the fibrous stroma is abundant and 
dense m the centre of the growth but maj be less abundant 
in the periphery The cancer cells are usually arranged m 
small groups and narrow strands 

In medullary carcinoma there is very little stroma between 
large grou] s of cancer cells whicli are usually spheroidal 






442 


yEOPLASMS 


Mucous carcinoma is found m the Jarge gut, stomach, gal! 
bladder and breast, as u ell as in other sites The charactenstic 
point about it is that mucus, frequently in hrge quantity, is 
formed by the secretion or disintegration of the cancer cells, 
so that sparsely scattered spheroidal or columnar epithelial 
cells float m a matrur of very pale, slightly h*matovyThil 
faintly filamentous mucus , sparse fibrous tissue septa traverse 
the growth The mucus is staine<I bnght red uith muei 
carmine stain It is this mucous carcinoma that is wrongly 
called ** colloid ” carcinoma Pseiidomucmoiis carcinoma is 
seen m the malignant form of the pseudomucinotis ovarian cy^t 
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Papillary carcinoma is the raabgnant form of the papDlari 
adenoma and may’ resemble it closely, but the epithelial cells 
covering the papillfe are ur^larly arranged, frequently ly^ng 
m several layers, and ^ary in size and shape, nhibt the tis'nie 
beneath the papilla? is usually infiltrated by the epithelial ceE'i 
This sort of carcinoma occurs in tlie ovary arising from the 
epoSphoron, in the rectum and m the breast 

While the abo^ e list is u-scful as a classification of types of 
carcinoma, it must be recognised that many of these types 
may be found together in the one carcinoma It b qude 
common in a cancer of the stomach to find areas of sohd 
acinar, spheroidal celled growth, tohulir areai, mucous areas 
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and both scirrhous nnd medullary areas The breast i 
another place ■where multiphcity of tjpe is found In somi 
sites, such as the large gut and body of utenis, carcinomati 
tend to be more constant m type The same is true of th< 
kidney, where far the commonest carcmoma is a groMh knom 
as Graicttz’ Umotir This is composed of elongated alveol 
lined with tall goblet like cells, alveoli into v. hich projec 
papillary processes coi’ered with similar cells, and solid roundec 
masses of polygonal cells The cjd,oplasm of the cells is loadec 
with fattj substances and glycogen, and is consequently 
remarkably clear and dropsical in a paraffin section Theri 
are areas of dense hj aline oedematous fibrous tissue Oni 
thoorj’ of the origin of this tumour is that it arises m the httk 
nodules of accessory suprarenal cortev that are so commonly 
found at post-mortem m kidneys and under this theory it n 
called an $ctop%c hypernephroma The majority of pathologistf 
believe that the tumour arises from the epithelial cells of the 
kidney and that this name is a misnomer The secondary 
growths from this tumour have a very similar structure 
Such secondary giowths are occasionally removed from the 
skin or other site and sent to the pathologist before the presence 
of the primary is suspected 

Benign Connective Tissue Tumours 
This group comprises fibroma, lipoma, myoma, neuroma, 
glioma, osteoma and chondroma 

Fibroma. Fibromata may occur any wliere in the body, but 
are rare except in the ovary, skin and kidney The renal 
fibroma is rarely larger than a pea Fibromata are composed 
of spindle cells and a relatively large amount of collagen fibres 
arranged parallel to one another in bundles, the buniUes being 
interwoven and seen cut in all directions in a section , ivell 
formed blood vessels pervade the growth These tamoars are 
not usually encapsulated nor is the border well defined from 
the surrounduig tissue An epvdts is a generic term given to 
any nodule projecting from the gum One variety is the 
fibrous epulis, composed of dense fibrous tissue with usually 
groups of plasma cells and other round cells Some legard it 
as a clironic inflammatory nodule, others as a fibroma The 
common nasal polyp used to be regarded as an cedematous 
fibroma, but is probably chrome inflammatory m nature It 
IS a lobulated projecting mass composed of a very rarefied 


444 


NEOPLASMS 


cedematous fibrous tissue, containing numerous mucous glands 
and den<!elj infiltrated i\jth Ijmphocj’tes, plasma cells and 
eosinophil leucocjdes 

Lipoma Liporaata are masses of adipose connectne tissue, 
usuaJh sharpJi defined and easd} shel/cd out Their 
structure is identical with that of normal adipo«e tissue 
Thej sometimes contain areas of dense fibrous ti<-sue and 
then the terra fibro lipoma is u«ed 

“Myxoma” The myxomatous tumours should ill be 
regarded as malignant (I ide myxosarcoma ) 

Myoma A benign tumour of voluntary muscle is a 
rhabdomyoma and is a great ranty, whUe one of maoluntaiy 
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muscle is. a leiomyoma and i^i a very common tumour 
Leiomyomata occur most commonly m the uterus and 
occasionally m the broad ligaments , they are frequently 
called fibroids They are composed of ty-pical mvoluntarv 
muscle fibres arranged in bundles which are whorled and 
mtenroven They are often eaJJed fibro myomata because a 
greater or le«s amount of <»llagenous fibre lies between the 
muscle cells The muscle fibres are long narrow cells w ith rod 
shaped nuclei , the cytoplasm is stained reddish purple in 
hsematox\lm and eosin preparations, and yellow with Van 
Gie«on’s stain In trans\er«e section each fibre is polygonal, 
has a central nucleus and lies in a polygonal space bounded 
by a delicate collagenous fibnl 
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Leiomjomata also occur in the stomach, usually as small 
tumours, and in the skin, probablj aVismg from the erecting 
muscles of the hairs 

Degenerati\e changes occur commonly m fihro myomata 
and fibromata, and to a less extent m hpomata as the result 
of interfeience with the blood supply of the tumour Hjahne 
fibrous degeneration consists in the collagen fibres becoming 
very dense and tending to fuse together fibroblasts and 
muscle fibres decreasing When necrosis occurs u hole 
areas are seen devoid of nuclei or with nuclei in a state of 
chromatoljsis The so called ted degeneration is a com 
bmation of partial or complete necrosis and hifimol 3 'tic 
staining, the hjemoglobin or its decomposition dernatues 
being diffused through the tumour Calcification results m 
part or all of the tumour being comerted into a calcareous 
mass (Edema is common and then the growth is sometimes 
called pseudo mj'xoraa , a ejst nia^ dcAcJop as the result of 
an area of extreme cedema Leiomyosarcoma sometimes arises 
m a leiomyoma 

Glioma Glioma is the commonest primary tumour of the 
brain but is rare m the spinal cord The differentiation 
between gUoma and gUosarcoma is very difficult is generally 
evaded and is of no practical importance because both are 
equally fatal owing to their situation and ghal tumours very 
rarely gii o rise to metastasis 

Ghal tumours ^ary greatly m the relatue number of cells 
and ghal fibrils and in the form of the glnl cells Some are 
composed almost entirely of small round cells in others cells 
of a great \ar 1 et 5 of shapes and usually furnished with 
branching processes are associated with a moderate amount 
of fibre in others astrocydes are embedded in a dense fibrillar 
matrix Glioma and ghosarcoma are examples of tumours of 
epiblastic connectne tissue 

The use of silver and gold impregnation and other special 
methods of staining sections is necessary for Bailey and 
Chishmg’s classification of gbomata In the following brief 
account of this classification it is to be noted that it includes 
tumours that are not strictly glial tumours It comprises all 
tumours of the central nervous system of epiblastic origin 
The classification depends on the resemblance of the cells 
comprising the different varieties of tumour to the cells com 
posing the central nervous system at the different stages of 
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jts de\ elopment A list of the latter may be represented as 
follows — 


Irmitj F neural rtnedullars ci tl el 

ill 

/ \: 
&pong:inblasU * Medulla 


Ependvtnal 

spongioblasta . x 

/ \ i X/ 

Epthelum Adult Astrocvtes OI godendrogi 
of el oro 1 ependrnia 
plex M cells 




Thu a gboma coini>xe<l of cells bke the pnmitive neural or 
medullary epithelium is call«l a mtdulh epUhdiotia but is. 
a ven rare tumour There b. no sharp deniarcation between 
ependymoblastoma and eptndynuytna In epenthTnal tumours 
there is ^arlatlon m the proportion of more cellular and more 
fibnlhr areas In the more cellular areas the celb are polygonal 
and some of them ire arranged to form tubule like spaces 
■^Lnute bodies called blepharopIa«ts are usually found as m 
normal ependnna m the endoplasm near the border of the 
spaces when cilia are also present or tlie blepharoplists ma\ 
lie grouped in a clear halo nearer the nucleus The more 
fibrillar parts are compo«ed of interlacing bundles of fibrillated 
long spmdle cells with blepharopli'its near the nucleus 
Omng to the difference in the areas a faintly Jobuhted appear 
ance l. appreciable with the nakctl eve The tumours are 
firm and usually circuniscnbed The\ usuill^ an^e near the 
ventricles in the hram and near the central canal m the cord 
They are relativeh slow growing gliomas Papilloma of the 
choroid plexus is usually found projectirg into one of the 
ventricles Its branching viJIous proce«5ses ire composed of 
cores of mesoblastic (collagenous) fibrHs and fibroblast« 
cov ered w ith columnar cells without bleptaroplasts and mth 
out ciba 

Medulloblastoma is a soft grevish white tumour composed 
of closelj packed undifferentiated round or carrot shaped 
cells and mjcro«copicallv might easih be mistaken for a 
round-celled sarcoma But in it are found solid rosettes 
which are small spheneil bodies whose peripheral zone os 
made up of small round or oval nuclei surrounding a central 
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zone of intern oven threadlike cjtophsniic processes In 
some of the more slowly growing tumour^ areas of feebly 
fibriUated pohr spongioblasts are present this is interpreted 
as an attempt at differentiation Medulloblastoma most 
eommonlv occurs in tbe -vermis of the cerebellum in children 
and as might be expected from the undifferentiated nature of 
its cells its grow th is relativelj malignant and rapid It often 
spreads to form a thin sheet in the pia arachnoid macro 
8copicall> simulating meningitis Ghoma {neuroepithelioma) 
of the retina maj also spread in this way and ig of verj similar 



structure Both tubular and solid rosettes have been founil 
in the primary tumour 

A very common form of ghoma is spcmUiobla^toma multi 
forme — a soft often h-emorrhagic and necrotic rapidly 
growing tumour found usually m the cerebrum of adults 
Its cells vary greatly m size and shape pyTiform and spindle 
(spongioblastic) types and multinucleate ^lant cells being 
very common Palisading of spongioblast Uke cells around 
necrotic areas is very characteristic Anotlier common 
variety is astrocytoma This may be either of the small cell 
type m which small stellate cells are rather sparsely and 
evenly scattered through a. dense feltwork of interlacing 
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neuroglnl fibrils, or may be composed of more clo'^elj packed 
and larger stellate and pohgonal cells luth beavnlj fibnllated 
processes One of the stout 
processes of these stellate 
astrocytes is attached to a 
blood \esscl, and is called 
the “ sucker foot The«e 
grow-ths occur anjaihere in 
the brain The\ maj be 
soft and c\-stic or hard 
and ^ erj nibberj Thev 
are of relatiaeU slow 
growth 

Ohgodenlroghoma w a 
relatnel^ uncommon ta^ie of 
glioma It Is usually found 
in the cerebral hemispheres 
of \oung adults A zone 
of calcified particles is fre 
quently found at its pen- 
Fia 44 — Sponpwbbwioma miihitonn.* phen . and IS seen as a 
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crenated lino m \ raj photo 
graphs Microscopically a very characteristic picture is 
Aeen in which groups of closely packed round or pohgoual 
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cells; ^ith roui^d central nuclens and clear, empty looking 
cjdoplasm, are enclosed by trabeculs of collagenous con- 
nective tissue contaimng blood vessels This vacuolated 
appearance of the cells is a result of degeneration (“ acute 
swelling ”), to which ohgodendroglial cells are particu 
larly susceptible By specific silver impregnation methods, 
however, the typical cells wnth processes can often be demon 
strated, especially near the penpherj’’ of the tumour Gangho 
neuroma and neuroblasloma are exceedingly rare in the central 
nen ous system 

Neuroma Ganglioneuroma and embryonic neuroma are rare 
tumours They occur m the medulla of the suprarenal body 
and in the sympathetic ganglia The ganglioneuromata 
contain ganglion cells and either fully dev eloped or embryonic 
nerve tissue The embryomc neuromata are apparently 
identical with the medulloblastomata previously described 
They consist of small round and oval cells and a variable 
quantity of delicate fibrils suggesting glia , a characteristic is 
the presence of solid ro«ettes The commoner neuroma is the 
jibroneuroma or neurinoma or molluscum fibroium These 
neuromata are generally found m the skip or upon nerves, 
and multiple examples in both positions are found in von 
Becklingbausen’s neuro fibromatosis They occur sometimes 
on cranial or spmal nerve roots, those of the eighth cramal 
nerve bemg called “ acoustic tumours ’ They consist for the 
most part of interlacing bundles of very long spindle cells 
or of elongated cyluidrical fibres furnished with nuclei at 
intervals, closely connected with collagenous fibrils They 
are thus very similar to leiomyomata and some endothelioraata 
In contrast to leiomyoma the fibres are round instead of 
polygonal and the nuclei are sparser The differentiation can 
seldom be made with certainty unless cross sections of some 
bundles are found to be occupied by sections of tubes with a 
thm collagenous w all and a nucleus projecting into the tube 
an nylindsf JMy Jje iwJbjw the Inhe hut fhas ^ vejy j-are, 
the majority of the tumours being apparently formed by 
cells of the sheath of Schwann alone — neurmomata The 
tubes tend to become solid hyaline fibres and much of the 
tumour may be composed of collagenous fibrous tissue A 
characteristic structural feature sometimes seen m these 
tumours is called “palisading”, areas where nuclei are 
arranged side by side m a row are separated by areas of fibres 
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cle\oid of nuclei Amputation or Iraumahc neuroma occurs on 
the cut end of a nerve and is composed of numerous bundles of 
fv^ucal ner%e fibres formed in an attempt at regeneration 
Chondroma Tumours of cartilage are divided info 
encliondromata and tcchondromala The distinction accord 
ing to some uriters is that an enchondroma develops m a 
site vhere cartilage is normallv found and an ecchondroraa 
m a site where cartilage is not normallj found It is more 
convenient to define an enchondroma as one which an<es 
inside a bone md an ecchondroma is one which projects 
from 1 bone or cartilage Ilherever thej occur thev arr 
composed of hv aline cartilage separated into rounded lobules 
bj fibrous tissue containing vessels Between the fibrom 
tissue and the cartilage there is usuallv a single layer of cells 
the cellular la3er of the perichondnura The cartilage differs 
from the normal in that the cells tend to be larger fewer ar 
more irregularlv disposed whilst the raatnv tend* to be 
h\ aline and is vert often apt to contain small or large mu 
areas so the term myxoclon^roma ts used Areas of the ma 
mav be calcified the calcium appeanng as deeply h®matoxvpi^/i 
granules Bone nnj be formed b} the ordmarv process oi 
endochondral os.sification and the tumour is then called an 
osufjing chondroma The chondrosarcoma !■» characterised bv 
an abundance of cells eoraetimcs showing great vanetv in size 
and shape m the cellular lajer of the jierichondnum Chon 
dromata in which this characteristic is absent have however 
been known to give rise to metastasis 

Osteoma The commonest osteoma is an ossifjmy ccchon 
droma It usuallv projects from a long boue close to an 
epiphj sis It is made up almost entirelj of cancellous bone 
with marrow but has an evtemal cap of cartilage of variable 
thickness Membranous osteoma occurs more rarely usinllj 
in the skull and in this vanetj the bone is formed bv the 
periosteum It maj be either a cancellous or an nvry osteoma 
‘in. oskenma. is. snmr.tjmfia c'llled an. exostosis 


Malignant Tumours of Connective Tissue 

Tlieec are cellular or pure aarcoma 
mjsosarcoma leiomjosarcoma chronu 
coma neurosarcoma and ghosarcoma 
naAi^’ar or pure sarcoma These are * 
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are composed of denseh picked cells with \erj little inter 
cellular tissue Thej, ire tumoms in which the cells have not 
differentiated into any sort of connective tissue, such as the 
fibrous tissue of bone from which they arise Thej are classified 
into small round celled large round celled spindle celled and 
mixed celled 

Small round cMed sod }arge round relied sarcomata These 
are not common tumours They are found chieflj m the 
periosteum and intermuscular fascia They are composed 
of small or large round cells closely set together The 
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nucleus has an abundant net of delicate fibrils of chromatin^ 
numerous small nodes and inconsxucuous nucleoli the 
cadoplasm is scantj and ill defined Vessels with muscular 
walls are absent 

Spindle celled sarcoma ‘P«ro or jindifferentjaferi 
spindle celled sarcoma is not a common tumour The cells 
have oval or spindle nuclei scanty cytoplasm and poorlj 
demarcated cell outline They are arranged parallel to one 
another in bundles which are interwoven, so that in a section 
they are cut in all directions 

Mixed celled or polymorphic celled sarcomata are composed 
of cells of all aarieties of shape 
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These “pure’ or xeij cellular undifferentiated sarcomata 
are rapidly gro^ung and -ven malignant tumours Thev 
often contain vcrj numerous mitotie figures Owing to the 
delicatelj cellular nature of the tissue and to its having onlv 
thin n ailed blood \ e'ssela, haemorrlmge and necrosis is common 
and extensue In other sarcomata the tumour cells mami 
facture more or le«s connective tissue of \ arious sorts, according 
to the tj-pe of connective tissue cell from which they arise 
The more thej differentiate into connective tissue, the less 
mahgnant are they likely to be Sarcomata are frequently 
composed of areas of differentiated tissue mixed with areas of 
more cellular undifferentiated tissue, the latter bemg most 
frequently found in the peripheral part of the tumour 

Fibrosarcoma is found especially in skin, subcutis, inter 
muscular fascia and retropentoneal tissue It is composed 
of spindle cells and collagen fibres arranged in bundles The 
cells tend to differ m size and shape, and some of them may 
have several nuclei Areas «ith more cells and less fibres 
may be present, usually at the growing edge The blood 
xe«eU have thin walls Tumours composed of quite dense 
fibrous tissue may yet be surely, if slowly, mahgnant and show 
conspicuous invasion of tissue “Desmoid ’ is a name given 
to a slow growing fibrosarcoma of abdominal wall 

Keurinosaccoma or neurofibrosarcoma is the malignant form 
of fibroneuroma and resembles it in structure, but m areas the 
nuclei are closely packed vary in size and staining reaction, 
and have many mitotic figures It may be very difficult to 
distinguish it from ordinary spindle celled sarcoma or fibre 
sarcoma 

Gliosarcoma has already been referred to under glioma 

Myxosarcoma is found in the same sites as fibrosarcoma and 
chondrosarcoma Myxocarcoma mav constitute the whole of 
a tumour or it mav form part of a fibrosarcoma (rayxo-fibro- 
saxcomal or part of a chondrosarcoma fmyxo-chondrosarcoma) 
It IS also the commonest sarcoma of the breast, but here 
usually arises from the stroma of a fibre adenoma It is 
composed of a very rarefied network of spindle, stellate and 
multinucleate cells and colla^n fibres , in the meshes of the 
net IS material which appears ns a very pale matrix on 
examination with low magnification, but with higher 
magnification shows delicate famtly h^matoxyphil threads 
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and beads this material is stained red ^vlth mucicarmine 
stam 

Leiomyosarcoma, or sarcoma developing from unstnped 
muscle, occurs most commonly m the uterus, usually arising in 
a fibromyoma In parts of the tumour moderately t3^ical 
involuntary muscle fibres are seen with Lttle collagen fibre , 
in other parts the cells a ary greatly in size and shape multi 
nucleate cells w ith a broad strip of cytoplasm like a muscle 
fibre and large irregularly clumped frequently deeply stained 
nuclei bemg a characteristic feature 

Chondrosarcoma Malignant tumours composed entirely 
of cartilage have been already described in dealing with 
chondroma 

Osteo chondrosarcoma This is often called osteosarcoma 
It IS the commonest form of periosteal sarcoma it arises more 
rarely m endosteum Although there may be considerable 
diHerentiation of tumour cells into bony and cartilaginous 
tissue yet there are usually also areas of very cellular 
sarcoma The tumours are very malignant The most 
characteristic examples show the foUowmg layers m a 
section taken at right angles through the fusiform saelhng 
of the periosteum a peripheral zone rich m round spindle 
or polymorphic cells uith little intercellular tissue a 
deeper zone containing collagen fibres which in areas 
become hyaline and fuse to form a homogeneous matrix 
containing encapsulated cartilage cells in other areas the 
collagen fibres fuse to form trabeculie of membranous bone 
which are calcified to a greater or less extent The bony 
trabeeulfe may radiate from tho periosteal surface of the bone 
The Haversian canals of the cortex are pervaded by growth 
but the contour of the cortex is usually little disturbed the 
medullary cavity may also contain growth but is not widened 
A sarcoma of a similar microscopical structure can arise from 
endosteum and the indication of this difference in origin is 
given by expansion of the medullary cavity 

Myeloid sarcoma arises from the periosteum of the jaw and 
the endosteum of other bones In the bones it forms a soft 
rounded mass which is bounded by a thm bony capsule 
contmuous with the neighbourmg corticahs The tumour 
contains numerous giant cells which tend to be very large 
have a large mass of sconaceoua cytoplasm and contam many 
scattered oval nuclei , between tbe giant cells are oval and 
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stellate cells like fibrobl‘i«?ts and a little colligen fibre 
hajiuorrliagc m the tumour fn.qmnt Bonj trabee\il% are 
frequently formed in the peripherj of the tumour, but ver\ 
seldom «ifhm it As the neoplasm does not infiltrate but 
rather compres&es surrounding tussue and practicalh ne^er 
gi\ cs rise to ^econdar^ grow tha objection is made to its being 
called sarcoma ” The gmiit cells resemble the normal 
osteoclasts of bone so it is aometinus called osteoclastoma 
lb IS also called a iinelomn (a tumour of marrow) but if «o 
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should be nainecl osteogenous myeloma because it an es from 
the bone forming connectue tissue of the inarrou 

The nueloid sarcomata (osteogenous nwelomata) of the 
gum project from the ahcolai maigin ami form one kind 
of epulis The\ have the same structure as the osteogenous 
myelomata of long bones 

The hajmatogenous myeloma takes its origin from the blood 
forming tissue of the mtrrow It occurs as multiple confluent 
soft tumours which arise A\ithm the medulla of the xertebr'c 
and lonff bones and may infiltrate the periosteum and adjacent 
soft parts The condition is sometimes called muUtple mjdoaxa 
or imjeloinatosis A special substance called Bence Tones •» 
albumose frequently appears in the urine of the patients 
The majority of the tumours are composed of small round 
cells winch bear a suiierficial resemblance to pla^iua cells, 
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others are composed of differentiated myelocytes or, very 
rarely, erjdhrohlasts 

Melanoma 

These .are neoplasms containing mehnm pigment They 
are henign or malignant 

The bemgn melanoma is found in the skin, ivhere it inaj be 
present at birth, and is known as a ingmented nmvus or liairy 
mole, or it may appear after birth The cells he m the dermis, 
are spheroidal or oval and tend to be small and uniform in 
size They are arranged diffusely in places but a characteristic 
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feature is the occurrence of solid acinar groups of cells usually 
just under the epidermis melanin pigment is sometimes 
scanty, and then is usually found m the cells just under the 
epidermis 

The malignant melanoma arises in the skm or choroid In 
the skm it used to be called melanotic sarcoma, but now some 
authorities think it js a carcinoma arising from the epidermis, 
and probably from the basal layer The cells are spindle and 
spheroidal, but tend to vary greatly m size and shape and may be 
multmucleate , them cjdoplasm may be scanty or abundant , 
the acinar grouping is agam seen m places suggesting a carcino- 
matous structure Melanin pigment vanes greatly in amount 
in different examples , it is for the most part u itbin the 
cydoplasm of tumour cells 
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The choTotdal vteianotna is a mabgnant tumour, but the 
appearance of the secondaij growths may he delayed for 
several 3 ears It is found as an oval mass arising in the 
choroid and frequently projecting the retina forwards into 
the Mtreous The cells are round and oval, and usually 
contam much pigment 

Endothelial Tumours 

Endotheliomata arising in serous surfaces Tumours ansmg 
from the endothelial cells of the serous surfsces are ^erj rare 
and usually mabgnant Thej are occisionallj found m the 
pleura and pentoneum and resemble carcinomata m structure, 
bemg composed of spheroidal, poUgonal and oval cells arranged 
m groups in a fibrous stroma 

Endothehomata of vascular endothelium These arc tumours 
arising from the endothelium of blood or lymph ves«eU 
Thej maj be benign or mabgnant The benign form is collecl 
angeioma, and ma^ be Ijinphangeioma or bxmangeioma 
Lymphangeioma is comparativelv rare In occurs m the 
connective tissue of the neck as a congenital tumour called 
eyitic hygroma It is found elsewhere m the subcutis It 
IS made up of somewhat wide spaces, containing clear white 
fluid bned bj flat endothelial cells and bounded by fibrous 
tissue which occasionally contains a few involuntarj muscle 
fibres Irregular areas of lymphatic gland tissue are 
frequently scattered through the growth 

Hsmangeioma is very common in the liver, dermis, 
subcutis and intermuscular fascia The tumours are 
frequently congemtal, bemg present at birth, and some of 
them show little or no increase in size They are divided 
into caiemou9 harmaTvjetoma and capillary hccmangeioma, 
according as the blood spaces of the tumour are large or 
small The former has wide spaces bned by a single layer 
of flat endothebum and walls composed of fibrous tissue 

a part or the whole of the tumour into a scar The capillary' 
h»mangeioma is much more cellular , the oval nucleated 
endothehal cells and collagen fibrils tend to develop m con 
centric w horls, m the centre of which are small blood spaces , 
larger blood spaces also are found Either variety' of 
hperaangeioma may have an ill-defined outline, lobules of 
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tximoiir tissue lying, for evample, between the fibres of 
voluntary muscle 

An important tumour is the fibro-endothclioma of the 
cerebral dura. It arises aa a sessile mass from the inner surface 
of the dura, usually over the vertex It frequently invades 
the skull, causing local thickening of the bone, but rarely 
invades the brain, being easily shelled out from the indentation 
it has made in the cerebral cortex, though its removal during 
life may he attended nith great haemorrhage It is comjiosed 
of oval and spindle endothelial cells and collagen fibrils, 
frequently arranged m concentric whorls It arises in the 
dura from the endothelial cells of the small arachnoid villi 
that normally penetrate the dura 

True angeioma is much rarer in the central nervous system 
Capillarj angeioma is rare in the leptomenmges, but is 
commoner in the brain substance, esiiecially the cerebellum 
Cavernous angeioma occurs occasionally in the cerebrum 
Both are very rare m the spinal cord Progres^ivo dilatation 
of congenitally malformed vessels forming an area of wide 
blood spaces (serpentine aneurysm) is found m the lepto 
menmges, and may implicate and destroy the substance of 
brain or cord 

Malignant endothelioma arising from vascular endothelium 
is a rare tumour It is composed of irregularly disposed, 
frequently atypical, endothehal cells, and the diagnosis from 
sarcoma may be very difficult , a tendencj towards tlie 
formation of blood spaces by the tumour cells is frequently 
seen, while the recognition of the endothelial character of 
the cells is a matter for the more expert cytologist 


Teratomata 

A teratoma arises from “ cell rests ” that occur at an earlj’’ 
period in embryonic life llie cells of these “ rests ” can 
form tissues derived from oJ} three h ^ers epideriii, 

mesoderm and hypoderm Adame called them “ toti potent ” 
cells 

The commonest teratoma is the otartan dermoid cyst It 
tends to replace the ovary, la usually unilocular and contains 
butter-like sebaceous matter and hair It is lined chiefly by 
skin with many sebaceous glands and perhaps sweat glands 
If many sections are taken from its wall, irregular areas of 
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fulK differentiated ti«s«es and portions of organs are found 
mixed together, and jt is an interesting and salutary exercise 
in normal histolog} to attempt their recognition Thus bone 
cartilage, adipose tissue, glia and columnar tubes like bronchi 
are commonh found , thyroid, portions of stomach and 
intestine and fulh formed teeth are not rare Tiie majontj 
of these tissues mil be found in a globular ma'ss that ustnlK 
projects into the mtenor of the cjst Tlie oianan dermoid 
is benign, but maj give nse to squamous carcinoma The 
commonest tumour of the lestu. is a teratoma, but it i cri rareh 
shows such an admixture of well differentiated tissues as the 
oxarian dermoid Well formed cartilage is frequenth found, 
but the greater part of the tumour is often composed of large 
round cells and x era poorlj differentiated embr\ onic tissues of 
carcinomatous and sarcomatous appearance The tumours are 
verj malignant Teratomata occur rarelv m other parts of 
the bodx 

Teratoblaslomata 

These mixed tumours arise from cells that are capable of 
girmg nse to ti«sues derived from one or two of the pnmitiie 
germinal laxers, but not from all three Adami named such 
cells plan potent ” 

The commonest teratoblastoma is the mtTetl immur of 
salivary gland It is particularly found m the parotid, but 
also m the submaxiUary gland and in the palate It usually 
has a well defined border It is composed of my xomatous 
tissue and tissue haxnng a clo«e resemblance to cartilage , 
scattered about in this slroma there are solid masses of 
polygonal epithelial cells and tubules formed by cubical 
epithelium Tlie tubules contain a hxahne eosinophilous 
material Areas of squamous and Jiorny epithelium are 
sometimes present Some authorities deny that this tumour 
of sabvary gland is a teratoblastonm and say it is an adenoma, 
asserting that the tissue re^mbling cartilage is not true 
cartilage, but is developed as a change in the mucoid con 
nective ti«8ue, the mucoid material in the connective tissue 
being secreted by the epithelial cells "Mahgnant caremomatous 
xarieties occur A terafoblistoma is found in the region of 
the kidney of mfants It is a malignant tumour composed 
of epithelial cells and tubules and of fibro , myxo , and 
mx o sarcoma 
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Teratogenous or Heterochthonous Blastomata 
This group comprises blistomita. which do nofc arise from 
the cells of the host but from the cells of a parasitic individual 
— e g , a foetus iii utero or dermoid cjst 

Hydatidtform mole This is a tumour of chorionic epithelium 
It therefore arises from cells belongmg to the embrjo and not 
from the tissues of the mother The connectiae tissue of the 
centres of the chononic villi becomes vcrj cedcmatous and the 
nlharecomerted into cysts The epithelial cells of Langhms’ 
layer and the sjuioytiiim proliferate to a greater evtent than 
in normal chorionic mHi and are atypical Such excessne 
and atypical proliferation is usually seen m focal masses upon 
\illi There is no sharp histological difference between this 
atypical growdh and that which leads to chorion carcinoma 
Chonon carcinoma is a malignant neoplasm of choiionio 
epithelium and frequently follows hydatidiform mole The 
w all of the uterus is found to be infiltrated bj verj atj’pical 
cells Some of the«e cells are very large and multmucleate 
suggesting sjTicj'tial masses There n much hasmorrhage m 
the infiltrated tissue The secondary growths are largely 
composed of hiemorrhage and clot similar pol^moriilnc and 
multmucleate cells being confined mainly or entirely to the 
periphery Chonon carcinoma occuis m the testicle taking 
origin here from a teratoma 
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HISTOLOGICAL METHODS 

Tme tissues removed at operation are preferabl\ received 
into the laboratorj immediatclj after removal without the 
addition of anj preserving fluid The constant handbng of 
tissues gives the pathologist a considerable acquaintance with 
their various appearances and the naked eje oh9er\ation is 
of great assistance to him The addition of alcohol or formalin 
to the tissues alters their appearance If for geographical or 
other reasons a preservative is necessarj the tissues should 
be placed m 4 per cent saline formaldehyde (p 462) If 
formalin is not available it is better to use methylated spirit 
or any sort of alcohol than to allow smaD portions of tissue to 
become dry or than to leaie them for more than a few minutes 
m saline or n ater 

On the other hand a further examination with the naked 
eve after the tissue has been m formaldehyde solution for 
some hours or days \nll often reveal important features that 
may not have been noticed in the fresh specimen particularly 
m the case of a large very soft specimen 

It IS most important that as much of the material should 
be ohtamed as possible m order that the relationship of the 
normal and abnormal tissues can he noted and portions 
removed from the most desirable places Indeed it is best to 
make a rule that every scrap of tissue excised at the operation 
should he sent to the pathologist it is for him to decide 
which are the parts that require microscopic examina 
tion at the same time he should always try to comph 
with the surgeon s requests for exaramation of particular 
places 

In the case of small specimens where superficial and deep 
surfaces and cut edges are difficult to recogru&e with the naked 
eve it is imperative to ohtam exact topographical details from 
the surgeon before deciding in which plane the section is to he 
made 
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The pathologist should make and preserve records of naked 
eye appearances of all specunena, with details of measurement, 
colour and consistence of every part Large specimens should 
undergo a careful dissection and investigation nith manv cuts, 
uhich should be made so that the different parts are not 
completelj dislocated from their relations to one another, as 
it is often necessary to review a specimen after the microscopic 
sections have been seen For instance, in all lumps or solid 
organs, such as the spleen, all cuts should be parallel to one 
another and should he so deep as to include almost the \\ hole 
depth of the specimen In a breast cuts should be made 
through the skm, not through the deep surface and should 
traverse the whole breadth and depth of the breast , the first 
cut should include the nipple and anj tumour that may be 
present Organs contaimng tubes or cavities must be opened 
and cut m ways suitable to them special structures 

The selection of the portions to be sectioned must be made 
with care It is a common error to remove large areas of 
necrosed or ^ ery hjBmorrhagic tissue for section The necrosed 
and hsemorrhagic parts must be examined microscopicallj , 
but it IS much more important to search for areas unaffected 
bj such changes Portions should be chosen from the fullj 
developed central area of the lesion as well as from the margin, 
and the latter should mclude the junction of normal and 
abnormal tissue Samples of all different varieties of 
pathological tissue should be taken for section 

A record should be kept of the exact sites and appearances 
of portions taken for section, accompanied sometimes bj 
sketches of the portions 

All specimens however common and ordinary they may 
appear to the naked eye, should^be kept labelled in reserve 
in about 2 per cent formaldehyde solution until the final 
microscopic diagnosis has been made Even in the case of 
very small specimens if possible at least a minute fragment 
shtsaid he ret&ioed ifi for refomws? fiVis cesses in 

useful when, as sometimes happens, a suspicion arises that 
portions taken for section from different cases maj have 
got mixed on the way from the naked eje examination to the 
microtome 

WTien the bits for section are small fragments of fnable 
tissue, e g , curettings, they axe beat placed in a piece of gauze 
tied with a thread in the form of a sac The tissues can remam 
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in the gauze sac until the stage of “casting ” m the paraffin 
process 

Tissues containing calcareous areas or bone must be 
decalcified b\ a process descnbcd later, and it is advTsable 
to examine separately bj the ordinary method a soft portion, 
if such IS a\ ailable 

The three chief methods of obtaining microscopic sections 
are the freezing method, embeddmg in paraffin and embeddmg 
in celloidin The cclloidin process is onl\ requireil for a few 
special purposes and will not be described here 

Frozen sections This method must be used if it is nece««ar\ 
to have sections m n hieh the fats can be stained \rith Schariacli 
R or Sudan III, because fat is dissolved out of the tissue m 
the paraffin and celloidin processes bj such soh'ents as absolute 
alcohol, chloroform and ether It is also used for getting 
sections quickly 

The apparatus required consists of a cjJmder of CO. and 
one of the manj types of freezing microtome made for u^e 
with that freezing medium The gum solution that may or 
may not be used is made up as folloirs — 

^turatc gum acacia in hot water 

Mix 3 parts of the gum solution wnth 1 part of sjTup {B P ) 
The preparation of sections to show fat. Lea%e a portion of 
tissue not more than 2 cm in diameter and not more than 
0 3 cm thick for 12 to 24 hours or longer m 4 per cent sabne 
formaldehyde, which is made up as follows — 

Commercial formalin (40 per cent formaldehyde) 10 cc 
0 9 per cent solution of sodium chloride m water 90 c c 

Then it is perhaps wise to wa':h the tissue m running water 
for from 12 to 24 hours to tr\ to get nd of the formalin, but 
this step max be omitteil Next, either '^oak the ti'sue m the 
gum solution for 24 hours place it on the stage of the freezing 
microtome, cover it with gum solution freeze it and cut 
ppctions, or take the tissue stragiht from the x\ater or formahn 
to the stage of the microtome, freeze it and cut •'cctions 
Alost tissues can be cut by the litter method but should the 
tissue tend to separate from the stage of the microtome during 
cutting then the gum '«lution may lie used 

Transfer the sections with a camel hair brush from the 
microtome knife to water and leave for a few minutes 
Transfer to 70 per cent alcohol for a few seconds 
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Lea\o for 5 minutes in a tvell stoppered bottle contaimng 
freshly filtered Herxheimers solution of Scharlacb R made 
up as follows — 

70 per cent alcohol 60 c c 

Acetone 50 c c 

Scharlach R 1 gram 

\\ ash in 70 per cent alcohol for a few minutes till differentia 
tion is \ isible between the red stained fat and the pale tissue 
ash in u atcr for 1 minute 

Transfer to anj ordinary staining solution of hseraatoxylin 
c g Ehrlich s for 30 seconds 
^\aah m tap water till section is blue 

R ash m weak acid alcohol (0 25 per cent hydrochloric acid 
in 70 per cent alcohol) for a few seconds till section is pmW 
Transfer again to tap water till blue 
Pick section from the water on to the middle of a slide 
Drain off excess of water and just before section loses all 
Its moisture mount it m neutral glycerine jelly 
The rapid preparation of sections This can he done in a 
few minutes by placing upon the stage of a freezing microtome 
a piece of tissue taken straight from the body at operation 
cutting sections and staining them rapidly Such sections out 
from tissues that ba\ e not been hardened in a fixing solution 
are apt to be thick and difficult to interpret unless the 
technician has great experience and si ill It is only on rare 
occasions that more information can be obtained from them 
than can bo elicited by the surgeon or pathologist from the 
appearance of the spe linen wath the naked ey e 
Thinner sections can be got with the freezing microtome 
after fixation for 10 minutes or more in 4 per cent saline 
formaldehyde the fixatire containing the tissue being I ept hot 
and agitated in a w ater bath at about OO® C 

Sections may be stained quickly m the following way — 
rrtrrs’ffer sucticrn /tom wafer fo eftdb 
Remoa e excess of w ater from slide 

Cover section with Ehrlichs hiematoxylm and heat gently 
over a Bunsen burner for 1 or 2 minutes 

Transfer section from slide to tap irater for a few seconds 
Leave m a solution of 1 jiart of a concentrated watery 
solution of lithium carbonate to 10 parts of water for a few 
seconds till section is Woe 
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Wash m 'tveak acid alcohol for a fe« Bcoonds till pink 
Rinse m tap w ater 

Lea\ e in lithium carbonate solution for a feiv seconds till blue 
Stam inth uaterj solution of eosm for 2 minutes 
Raise section in tap water for a fe\r seconds, and if it is not 
getting pale red quickly enough, wash it in 70 per cent alcohol 
for a few seconds 
Transfer section to a slide 

Blotting section carefullj helps to fix it on to the slide 
Dip slide m absolute alcohol for a few seconds 
Blot 'section 
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Dip It in Tjlol for a few seconds 
Jlount in Canada balsam 

If COg IS not available or tf a portable freezing microtome is 
required, then a comenient pattern is Williams’ microtome 
(Fig 50) made bj Slessre Swift and Son Here the freezmg 
IS done w ith ether and cthjl chloride spravs The microtome 
consists of a circular plate fitted with a damp, which can 
be attached to the e<lge of a firm table, and of a freezing 
apparatus bj means of which a spia} of ether can be directed 
against the under surface of a small metal disc let into the 
circular plate An ordinary razor blade is fitted into a brass 
tripod earner at a fixed angle The le\ el of the cutting edge 
i« regulated bj a screw at the apex of the tnpod In the 
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slower metliod the portion of tissue is fiied in 4 per cent 
formaldehyde, \\ ashed m ^vaterand transferred to gum solution 
for 24 hours before being placed on the microtome In the 
quicker method it is placed straightaway on the microtome 
The process then is as folloirs — 

Put the tissue on the central disc of the microtome stand 
Just co\ er it w ith gum solution Do not pour oi\so much gum 
solution that it flovrs over the edge of the disc Freeze u ith 
the ether spray from below , assisted by the ethyl-chlonde 
spray Irom abo% e 

The freezmg is complete when the gum is quite white and 
the tissue firm to the touch If the freezmg process is con 
tinued too long the tissue becomes evttemely hard and cannot 
be cut at all, m which ease thawung may be hastened by 
moistening tissue and gum with warm water If the freezmg 
18 insufficient the gum is readily dented with slight pressure 
of the finger and the tissue leaves its bed when the razor 
meets it 

The freezmg process should be completed m a few mmutes 
Sloisten the stage of the microtome with water to allow 
the razor earner to shde easily 

Adjust the level of the razor edge exactly to the height of 
the tissue 

Hold the razor cimer m both hands, w ith the forefinger of 
the right hand resting on the front adjusting screw 
Rapidly sweep the razor across the tissue, keeping tlie 
carrier legs pressed against the microtome stand surface 

With the forefinger turn the screw a short distance onw ards 
to depress the cutting edge The amount of the turn 
determines the thickness of the section cut 

Repeat the process about a dozen times in rapid succession 
With a small camel hair brush ivipe gently the mixture of 
gum and tissue from the upper surface of the razor blade into 
a tall glass beaker filled with warm normal saline The 
sections float out on the surface of the fluid and can be assisted 
to separate by gently touchuig with the brush 

If complete and thm sections do not appear, cut more 
either of different thickness or after altering the consistence 
of the gum and tissue by further freezmg or thawing 

The sections can then be stained by one of the shorter or 
longer staining methods 

The preparation of paraffin sections. For this should be 
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provided a set of mcII stoppered ivjde mouthed, glass pots 
containing respectiveh 50 per cent alcohol, 70 per cent 
alcohol, 90 per cent alcohol , three pots of absolute alcohol, 
all, or at least one, of which should contain a laj or of anlu drous 
copper sulphate cohered with a filter paper for the portions 
of tissue to rest upon , a pot of chloroform , a pot of equal 
parts of chloroform and of piraCSn -uax ^vhich has a meltmg 
point of about 58° C A paraffin oven kept at 60° C is also 
required 

Cut a piece of the tissue between I and 2 cm broad and as 
thm as possible provided it does not curl up , this usually 
means a thickness of about 3 or 4 mm 

Place it m ten times its own volume of 4 per cent salme 
formaldehjde for 12 hours 

Tnm the now hardened tissue till it is not more than 3 mm 
thick 

For the identification later of the surface that is to be cut, 
a notch should be cut in the opposite surface 

Place the tissue m iiesh 4 per cent saline formaldehyde 
for 12 hours or longer The ^st results are obtained after 
7 days’ fixation, but such a time cannot usually be afforded 
when a diagnosis is being made during the life of the 
patient 

Transfer to 60 per cent alcohol for 12 hours 

Transfer to 70 per cent alcohol for 12 hours 

Blot the tissue with blotting paper or a clean cloth and 
transfer to 90 per cent alcohol for 3 hours 

(If, unfortunately, the tissue reaches the laboratory in 
methylated spint, a portion can be transferred from the 
methylated spirit to absolute alcohol and the process carried 
on from that point ) 

Put the tissue through the three pots of absolute alcohol, 1 
hour in each, blotting the tissue between each change 

Leave the tissue in chloroform till it sinks below the surface, 
about 12 hours 

Transfer to the imxture of chloroform and parafiin wax for 
30 minutes at room temperature and 30 minutes m an incubator 
at 60° C 

Put the tissue through three baths of wav on the paraffin 
oi en, 1 hour in each 

The tissue is then ready to “ east ” m a flat bottomed glass 
or aluminium dish about 1 5 or 2 cm deep, and of an area 
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suitable for the reception of the number of pieces ready for 
embedding 

Smear the inside of the dish Mith glycerine, keeping the dish 
warm 

Fill the dish about three quarters full of wax from the last 
bath and then quickly pick the tissue out of the bath with 
warmed forceps and press it gently down on the bottom of the 
dish the surface or edge that is to be cut going downw aids 
then fill the dish to the top with \ta\ 

Blow on the surface of the wax till a skin forms Cover this 
skin with blotting paper that has been soaked m cold water 

After a few seconds immerse the dish in cold water to harden 
the wax quicUj 

The hard block of wax can easily be separated from the dish 
and tnmmed so that onl^ a small margin of wax is left around 
the tjssiie 

The reagents used m this process must be changed frequently 
especially the absolute alcohol 

Sections can be cut at once with a machine such as the 
Cambridge rocking microtome or with one of the manj patterns 
of sliding microtome the latter gue better sections but thoir 
successful emplojment requu^ more practice 

The sections are floated on a deep dish of water hot enough 
to make them he quite flat on its surface but not so hot as to 
melt the paraffiii 

A few of the thinnest sections are picked up on the middle of 
perfectly clean slides 

The paraffin block is then placed in a numbered box and 
kept for reference 

The slides are left leaning for a few minutes in an almost 
vertical position to allow the water to dram off them and are 
then put in an incubator at about 37” C After about 12 hours 
here the sections will be found to be fixed quit© firmly to the 
slides so that the3 are not likely to come off durmg any of the 
ordinary staining processes 

WTien difficulty is expenenced m keeping sections on slides 
they should be mounted on albumimsed slides prepared as 
follows — 

Shake up the w hite of a new laid egg and filter through a 
moistened filter paper Add to the filtrate an equal part of 
glycerine, and if the mixture ts to be stored for future use add 
a little thymol 

CU'ilOiL HtHOLOOT 
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Cover slides ^vith a thm lajer of the mixture just before thej 
are to be used 

Quicker paraffin process The routine pariffin method as 
described above takes from o dajs to a ^%eek but the process 
can be hastened bj placing a portion of fresh tissue not more 
than 3 mm thick m a strong fixative such as formol alcohol 
made up as follows — 

Formalin {40 per cent formaldeM de) 10 c c 

Absolute alcohol 90 c c 

The tissue is left there for about 12 hours and is then tran<! 
feired to absolute alcohol after which it is put through as m 
the routine method Sections can thus he readj on the second 
day after the receipt of the specimen 

Paraffin sections can be obtained in one day b\ ha«tening up 
the process still more — 

Cut a small bit of tissue about 2 mm thick and leave it for 
i hour m formol alcohol m the paraffin oven at 60® C 

Leave for 15 minutes m the paraffin o\ cn in each of two 
changes of absolute alcohol which has been kept m a stock 
bottle over anhydrous copper sulphate 

Leave m chloroform for 30 minutes in oven 

Isext for 10 minutes in each of three baths of wax m the 
paraffin oven if necessary heatmg the last bath until it no 
longer smells of chloroform 

Embed cut sections and mount them on albummi«ed 
shdes 

^^a^m elides carefuU\ oaer a Bun«en burner for 5 or 10 
ramutes 

Leave sbde m ivlol to remove paraffin 

Remoi e xylol with ab«o!utc alcohol 

Stain with Ehrlichs haematoxvlm in incubator for 10 
minutes Contmue as in method given on p 4"0 

Fixation in Zenker s fluid This is one of the man\ fixing 
fluids that maj be u'led instead of formalin Its composition 
is — 


Potassium bichromate 2 o grams 

Sodium sulphate 1 gram 

Corrosive sublimate o grams 

■^ater 100 cc 


Add o c c glacial acetic acid just before u'c 
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Thm portions of tissue are left m the fluid for 12 to 24 hours 
and no longer 

Wash m running %\ater for 12 to 24 hours 

K’ert in 70 per cent alcohol and so on to paraffin wax, as 
after fixation in formalin 

After sections ha\e been cut and treated with xjlol and 
absolute alcohol, thej’ must be treated with 1 per cent iodine 
or Lugol’s solution for 5 minutes to remove excess of corrosive 
sublimate The excess of lotJine is removed bv treating with 
5 per cent sodium thiosulphate for 5 minutes or with 96 per 
cent alcohol till sections arc clear After the sodium thio- 
sulphate the sections are washed m water for 5 or 10 minutes 
The sections raa} tlien be stained 

For some stains it is advisable to have sections of tissue that 
has been fixed in Zenker’s fluid If however, the tissue has 
aI^ead^ been fixed onlv m formalin, the same results can some- 
times be obtained bj Zenkensmg ” the sections after they 
have been out The paraffin is removed and the sections are 
left m Zenker’s fluid for 24 hours and are afterwards treated 
with iodine and sodium thiosulphate in the same vvaj as has 
alreadj be^ described for fixation of tissue uith Zenker’s 
fimd 

Decalcification of tissue Bone or calcified tissue must be 
decalcified before microscopic sections can be cut 

The ordinary method which is suitable for the diagnosis of 
the majontj of di«eases, is to cut with a fretsaw or coping saw 
a portion of the tissue not more than 4 mm thick and, after a 
preliminary 24 hours or more fixation in 4 per cent saline 
formaldehyde, place it to be decalcified in 5 per cent nitric 
acid The recognition of the termination of decalcification can 
be made bj testing the tissue with a needle for the absence of 
gnttiness or, more certainly, by taking X raj photographs 
The necessarj time in mine acid V'aries from hours to days The 
tissue IS then left in 6 per cent sodium sulphate for twice the 
length of time it was in the nitnc acid It is then left m 4 per 
cent saline formaldehjde for 24 hours, washed in running 
water for 24 hours and earned forward by the paraffin 
method 

The routine staining of paraffin sections Each portion of 
tissue taken for microscopical examination should be stained by 
the first two metliods described later, lifematoxyhn with eosin 
and Weigert’s iron lucmatoxjlm with Van Gieson’s mixture 
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If this practice is followed it tvill make histological diagnosis 
easier than if onlj one staining method is u<!ed as a routine 
A set of the following staming solutions and other fluids 
should be kept in tightfj corked glass staining pots xylol, 
absolute alcohol, acid alcohol (1 c c of h} drochloric acid in 
100 cc of 70 per cent alcohol) Ehrlich’s acid ha’matox 3 hn, 
eosin and Van Gieson s stain The slides can be immersed m 
the pots, so that the fluids and stains can thus be used more 
convenienth and repeatedlj 

The V eigert s iron h*emntoxjlm, which is kept m two solu 
tions, to be mixed 3 ust before use, must be poured oier the 
sections on the slides The other stains and reagents u«ed in the 
follow ing staining methods are not bkelj to be in such constant 
u'Je and are better kept m drop bottles 

The preparation of the staining solutions is described in 
Chapter XI 

To stain with haematoxytin and eosin Place slide in pot of 
sylol to dissolve the paraflin, about 1 minute 
Place in pot of absolute alcohol to remove xjlol, about 1 
minute 

Leave m pot of Ehrlich’s acid hiematoxybn for about SO to 
60 mmutes 

Lea^e in running tap water for about 10 minutes, till section 
13 blue 

Dip in pot of acid alcohol several times, till section turns 
pink 

Running tap w ater agim for 10 minutes 

Leave in pot of watery solution of eosm for 5 mmutes 

Running tap water for about 10 minutes 

Blot section with clean blotting paper 

Place in absolute alcohol for 1 or 2 mmutes 

Place in xylol for 1 or 2 nnnutc<» 

(V’hen the slide comes out of the ly lol the section should be 
transparent If it appears cloudy or opaque, this means that 
the alcohol has become diluted, and the section must go back 
into absolute alcohol and then mto xy lol again ) 

Slount m Canada balsam 

Stainmg w ith the Ehrlich’s hsematoxy hn can be done for less 
time, say, 10 mmutes, but the results are not so good H«m- 
alum or Delafields hamatoxylm may be used, but the best 
results are obtained by staining with Ehrlich’s acid hiema 
toxyhn for 1 hour 
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Wejgert s iron hsematoxylin anJj Van Gieson s mixture 
Xylol Absolute alcohol 

Stam ^^lth a freshl} made mixture of equal parts of 
solutions A and B of Weigert a iron hsematoxvlin for 30 to 45 
minutes 

Wash in running tap nater for 15 minutes 
Differentiate m acid alcohol till section is of a pinkish slaty 
grej colour — ^usually about 30 seconds 
Runnmg tap water for 10 or 16 minutes 
Blot section carefully 

Stain with Van Gieson s mixture for 3 or 4 minutes 
Rinse rapidly m tap water and blot 
Dehydrate rapidly m the pot of absolute alcohol Xylol 
Mount in Canada balsam which contains a fen crystals of 
salicylic acid 

Collagen hbre (fibrous tissue) is stained red 
The ‘Weigert s iron hsmatoxylm may be left on the sections 
for 10 minutes only but staining for 45 minutes is better 
Staining elastic fibres with Weigert s elastic stain This is 
of the greatest help m the study of changes in blood vessels 
for instance when searchmg for artentis in gummata 
Xylol Absolute alcohol 

Stam with fresh B eigert a elastic stam for 30 mmutes or with 
Hart s elastic stam for 12 hours 
Differentiate in absolute alcohol till all the section except 
the elastic fibres is pale grey or almost colourless If absolute 
alcohol fails to produce this effect dip the section a few times 
into acid alcohol 

Rinse m distilled w ater 

Stain w ith a half saturated w atery solution of neutral red for 
2 or 3 mmutes 
Rinse in distilled water 
Dehydrate rapidlj in absolute alcohol 
Xylol Mount m Canada balsam 
Elastic fibres should be stained blue black 
Weigert-Gram method for organisms in sections Xyio] 
Alcohol 

Stam with amlme gentian violet for 5 mmutes 
R ash off excess of amlme gentian x lolet w ith Gram s iodine 
solution and leave the section covered with Gram s lodme for 
5 minutes 

Blot section with a clean filter paper 
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Differentiate bj washing section with amline xylol (aniline 
oil, 2 parts , xj lol, 1 part) till it i-» j ellow ish grej 
Wash aniline xjlol off with xjlol 
Verj rapid wash with alwlute alcohol 
Blot 

Counterstam with half saturated watery solution of neutral 
red for 15 seconds 
Blot 

Dehj drate rery rapidJj w ith absointe alcohol 
X\lol Canada balsam 

Gram positive organisms are stained blue Stratum comeura 
of epiderraio is stained blue and is not decolorised even bv 
much alcohol , this stain therefore raa^ be of assistance m the 
recogmtionofkeratmised cells, as for example when there is a 
doubt whether a carcinoma is or is not a squamous carcinoma 
Jlitotic figures and the granules of mast cells are also Grim 
positive and sometimes also degenerating nuclei 
Staimng sections for tubercle bacilli. \jIol Absolute 
alcohol 

Ehrlich B acid hsmatoxybn 1 hour 
Tap water 30 minutes 

Carbol fuchsin SO to CO minutes in incubator 
Acid alcohol 1 minute m incubator 
ash well m water 

Leave m a solution of 1 part of a concentrated Aiiterj solu 
tion of lithium carbonate to 10 parts of water till section is blue 
Wash in w ater for 5 to 10 minutes 
De'h^ drate with absolute alcohol 
Xylol Mount m Canada baham 
Tubercle bacdh are stained red 

Testing for iron pigment in sections \\Iol Absolute 
alcohol 

Leave 2 per cent potas»ium ferroevamde on the section for 
5 mmutes 

Pour on 1 per cent hjdrochloric acid and heat the sLde 
gentlj over a Bunsen burner 
Mount m the ha drochloric acid 

Lon-contammg pigment is blue Alelamn remains unaltered 
This stam i» therefore useful m distinguishing between melanin 
and pigmentation from old h-emorrhage for evamiile m a 
neoplasm 

Muci'Carmine stain for mucus Xa lol Alcohol 
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Ehrlich’s acid hEcmatoKylm 30 to 60 minutes 
Tap water 10 minutes 
Acid alcohol till pmk 
Tap uater 10 minutes 

Stain with muci carmine solution for 15 minutes 
Rmse section rapidly m water 
Dehjdrate in absolute alcohol 
Xjlol Canada balsam 

Mucus 13 stained red This stain is useful for the identifica- 
tion of mucus m mucoid (so called “ colloid ”) carcinoma 



Abortas, brucella, 116 
Abscets, 416 
AbsorptioB metbodj, 170 
AeaulbocbeilODenia perstana, 164 
Aceto-aeetie acid in urine, S89 
Acetone bodiex in blood, 61 
estimation, 74 
in nnne, 289 
estimation, 3^6 
Achonoa qninckeannm, 144 
scboenleimi, 144 
Aehjha gaatnca, 9 
Acid excretion, 321 
Acid'last bacilli, 102 
Acidosis, S5 
compensated, 57 
nneompenwted, 57 
Aon* bacillus, 108 
Tulgans, 3M 
Aconstio tomour, 449 
Aetiso baciUos, 143 
AetmoQi;ees, 143 
boTis, 146 

Acute i^ammstiOQ, 17, 414 

iTmoboid leoLsemia, 16 
nfeloid leuksmia, 13 
Addisonian ansmia, 9 
Adenomata, 433 
Adrenalin, 30 
Aertrrek baciUos, 119 
Aiar, 241,243 
Agglutination tests, 173 
Agglutinins, 167 
somatic, 168 
AgrannlocTtosu. 16 
Albnminuna, 2^ 
fanctional, 342 
Albns, sUpbylococciis, 91 
Alenbsmic leukemia, 15 
Alkalosis, 53 
Alksptonnna, 308, 313 
Ammo acids in blood, 34 
Ammonia in blood, 34 
m nnne. 324 

Ammomnm nrate, 304, 333 
Amabuuis, 151 
Amorpbons phospbates, 304 
Amphophilic mjelocjtes. 5 
Amputation neuroma, 450 
Amyloid d^neration, 428 
Anemia, Addisonian, 9 
aplastic, 7 
Cooley’s, 8 
erythroblastic, 29 
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Anemia, hyperchromic, 8 
megalocytic, 11 
microcytic, 8, 337 
myelophthisic, 10 
pemictotis, 9, 357 
sickle cell, 12 
apleme, 22 
of infants, 29 
ron Jaksch’s. 20 
Anemiaa, claasiUcation of, 26 
Anaerobic eoltnies. 235 
streptococci, OS 
Aneyloitoma braziliense, 160 
duodenate. ICO 
Anilioe gentian Tiolet, 256 
Animal inoccjation. 235 
AnlsQcytosis, 7. 9 
AnlhraeU b^illua, 110 
Anthrax. 110 
Antfifithrax scrum, 212 
Antibodies, 167 

' Afiti<co1on bacillns serum, 212 
AntiHliphtbentle serum, 211 
Antilormis. 227 
Antigens, 157, 135 
Anti'meules serum, 212 
Anti-aeoisgoooccni sera, 212 
ADtt'Plague serum, 212 
Anti'poeuffloeoccQS sera, 211 
Antisera, 209 

Asii'Staphyloeoccus senim, 212 
Auti'itreptococcal serum, 2II 
Anti'tetanie serum, 211 
Anti'toxie sera, 210 
Aplastie anemia. 7 
Appendicitis, 18 
Appendix, 373 
Araeth index, 20 
Arthropoda, IM 
Asbestos bcidiea, 405 
Ascans lumbncoidee, 161 
AsperfiUas, 145 
Asthma, 21 
Astrocytoma, 447 
Andoninli rnKMO^pornni, 143 
Auld’s peptone. 402 
Aureus, staphylococcus, 91 
Aatoagglutination, 181 
Antoelare, 245 


^hydroiybntync acid, 289 
Ba^e Calmette Gn^rin, 104 
Bacmnna. 118 
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BaciUns, acid faat, 102 
aodiUctici, 122 
acne, 108 

aerogenes capsulatus, 112 
aertryck, 119 
anthracis, 110 
botulinns, 112 
canis, 126 
chauvoBi, 112 
coll anaerogenea, 122 
comtnunia, 121 
comma, 125 
diphtheroid 108 
Ducrez, 115 
dyeentense, 120 
dysentery Y, 121 
enteritidis. 119 
fseoalia alcahgenes 123 
Flexner, 120 
Fnedlander, 123 
fuaifomi, 129 
Gaertner, 119 
Gram negatire, 113 
Gram posiiire (non acid /ast). 100 
Haiuen lOS 
Hofmann, 108 
influenzs 114 
Johoe, lOl 
Kleba lioffter, 106 
Koch Weeks 1(5 
lactis aercmnes, 123 
mallei, 125 
BfanzAsenfeH 115 
Morgan Ko 1, 121 
xnuris ratti, 123 
cedematiens, 112 
paratypbctfus, 119 
pertnssis. 116 
pestis, 126 
Pfeiffer 114 
prodigiosus, 126 
proteus, 123 
pyocyaneus, 124 
septique, 112 
Siuga, 1^ 
smegma, 105 
Sonne, 121 
BubtiUs. Ill 
suipestifer, 119 
tetanus. Ill 
typhoBUS. 118 
llelchu, 112 

Bacteria, enumeration of, 234 
Bsctertsl filtration, 236 
uiTestigation of viscera, 234 
Bsctenologica! methods. 213 
Bactenology of unne, 334 
Balantidium coli, 152 
Baati’s disease, 22 
Battler’s rash, 398 
Barlow’s disease, 31 
Bartonella baciUifonnis, 126 
Basal metabolism, 412 


Bass in blood, 5'J 
Bence Jones protein m urine, 31 1 
Benedief’s method, 317 
Benndme reaction, 330 
Bssredka’s liquid egg medium, 230 
Bial’s test. 313 
Bicarbonate in plasma, 53 
estimation, 78 
Bile. 366 

acids in feces, 379 
pigment in f®ces. 370 
in nrine, 291 
salts in urine, 291 
Boinbiht} , 93 
in test meal. 355 
Bilharca bacmatohia, 134 
Bitirabin m plasma, 60 
estimation. 83 
BIssioma, 432 
Bleeding time, 43 
Blepharohlast. 150 
Blood, aretoqe bodies, 31, 74 
agar, 251 
amiao acids. Si 
ammonia. 64 
base, 59 
biearbonate, 65 
calcium estimation, 61 
cblondee, 57 
estimation, 78 
cholesterol, 61, 75 
coagulation time of. 12 
ereatin, 63 
creatinin, 53 
culture, 222 
ID faeces, 379 
films, 42 
grouping, 180 
groups, 179 
methods, 32, 65 
methods of obtaining b5 
non protein nitrogen, 53 
phosphates, 68 
platelets, lb 
eefimafion 4G 
potassium, 59 
reaction, 34 
senim media, >50 
Bodium, 59 
spirochKtcs, 139 
etatna, detection, 87 
sugar, 50 
methods, 68 
m test meals, 355 
transfusion, IBO, 181 
unstained, 1, 33 
urea, 52, 76. 340 
oiic acid, 53 
m urine. 292, 295 
EcOs, 397 

Bordet'Oengon reaction, 186 
Bonel bodies, 135 
BothrioceBbalns latus, 10 
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Boiolusos bacillus 112 
Botu, actinomrcca, 146 
Bowel streptococci, 08 
Bronchial fluVe, 154 
Broth, 241 

Brucella abortus, 116 
infections, 117, 171 
melitensia, 116 
tularenais, 117 


Cachexias, the, 26 
Calcareous impregnations, 430 
Calcium carbonate, 304 
in plasma, 59 
estimation, 81 
oxalate. 303, 332 
Calcnli. unnar;, 332 
Calmette*6a4nii bacillus. 104 
Campbell Smith and Holiday, hjcmo 
globinometer, 36 
Cams bacillus, 136 
Capsolaraubstancea, 94 
Capsules, 92. 239 

Caibobrdrate peptone water, 343, 348 
Caibol fuchsin, 253 
thionin, 316, 253 
Carboinna, 303 

Carbon monoxide poisoning, 61 
CarboxyhSBOglobts. 61 
detection, 85 
OarboncU, 397 
Caremona, 19, 433 
Carriers, 101 
Caseation, 431 
Castaneda’s stain, 141, 254 
Casts, amorphous, 300 
amyloid, 301 
cellular, 300 
colloid, 301 
granular. 300 
hyaline, 300 
m unne, 203 

Catanhalis. micrococcus 101 
Cell neat, 439, 457 
Centnfngal machme, 214 
Cerebro-spmal fluids, 270 
glucose in, 277 
protein ID, 275 
Cestoda, 155 
Ch « 

Chagi’i disease, 149 
Chambetland Biter, 237 
Chancre, primary, 423 
soft, 115 

Charcot-Leyden crystals, 403 
Chanesi bacillus, 112 
Children, blood changes in, 27 
Chlondes in blood, 57 
estimation. 78 
ID cerebro-spinal fluid, 277 
in teat meal, 354 
Chlorides in urine, 328 


Chloroma, 28 
Chlorosis, 7, 8 
Chocolate cyst, 437 
Cholera eibrio, 123 387 
Cholesterol in blood, 51. 73 
Chondroma, 430 
Chondrosarcoma. 430 
Cbonon carcinpma 439 
Choroidal melanoma. 4o6 
Chromatoid bodies. 132 
Chromobactenosi, 126 
Chrome Icmphoid leuksmia, 15 
myeloid Ieuk*mi» IJ 
Chyloss flmds. 270 
Chylnna, 163 
Citnns. staphrloeocciu, 01 
Clartfleation. 236 
ClassiBeation of amennas. 26 
Clonochis sinensis. 153 
Clostndia, 1 1 1 
Clftody iwelling 427 
Coagnlabon time of the blood. 12, 44 
Cocci, firara negafinr. 08 
posWire, table of 00 
Ccetiae disease. 8 
Cob anaerogenea bacillus, 122 
oommnms bacillus, 121 
Cob'typheid group, 118 
CoQoid carcinoma, 442 
Collodtl gold teat. 275 
Colon bnejilus, 121 
in urine, 335 
Colonmeter, 67 
Colour index. 2 
Comma bacillas, 125 
Complemest, 18o 109 
deeiation reaction, ISO 
Condylomata, 423 
Congeoita] morbus cordis, 24 
•ypbilis, 30, 189 
CoDiDDCtieal aac. 3^2 
CouaactiTitis, 392 
Cooley’s ansemia 29 
Comeal nicer, 394 
Comet’s forceps, 214 
Comil’s myelocvte, 4 
Corynebactennm diphthm«, 106 
xerosis, 108 
Count, diilerential 44 
Cover gtases, 41 
^tes, bactenal, 214 
Creatis m blood 53 
Creatimn in blood, 53 
Crescents, 14$ 

Onltnre media, 241 
Cultures, blood 222 
pure. 221 
eingle-cetlcd, 222 
Cnmenb spirochsta 132 
Cnrschmano’s spirals, 403 
Cutaneous kom, 433 
Cyanhsmoglobiii. 63 
detection 87 
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Crliadioids. 301 
Critic hygroma, 456 
Cfiticerctu bopis. J57 
celluloste. 157 
Cystme. 303, 3U 
IQ calculi, 334 
Cyiti, 279 
hydatid, 2S0 
oranan, 231 
pancreatic, 280 
renal, 281 
Cyto-diagnoiis, 258 

Dare hsmoglobinometer, 33 
Vsik’enaai illumuiatioo, 230 
Decalciflcatioa of tissue, 469 
Degenerationa, 427 
Demcdex folliculoniia 166 
Dermoid cyst, 437 
oranan, 457 
Desmoid. 433 
Detoxicated raccinee, 202 
Diastatie index, 328, 346, 362 
Dibothnocephalu Utus, 153 
Dick test, 96, 203 
DiBenatal count, 44 
Dipbtbena, 233 
Diphtheroid bacilli. 103 
Dip]o>baeilJir7C«s}unctni(ia> 3^2 
Diploeoceos pneumonis, 92 
Diplogoaopdros zrandia, 156 
Dorset’s egg me^um, 250 
Dracancoliu medineosii, 103 
Oreyer’a agglutination metbocl, 1*6 
Oaerez'a bacillus 115 
Duodenal ulcer, 372 
Dulioai, epiFOoh^U 130 
Dyientens, bacillus, 120 
Dysentery Y bacillus, 121 


Eccbondrottsis. 430 
Echinococcns granulosas 157 
Ectothnx, 144 
Ectromelia, 133 

Egg medium, Bcsredka s liquid, 250 
Dorset s, 250 

Ebrhch’s acid haematoxylm, 235 
myelocyte, 4 
Elastic fibres 401 
Elementary bodies, 135 
Elements, fieeal, in urine, S9S 
Embtyoue neuroma, 449 
Empyema, 263 
Encbcsdromata. 450 
Endocardita, infeetire, 97, 223 
Endometnoma, 437 
Endothelial cells, 260 
Endotheliomata, 456 
Endothnx, 144 
Endotoxins, 202 
Entamceba coil, 151 
histolytica, 151 


Ei^ntidis, bacillus, 119 
Eaterobins vermicnlana, 162 
Enterococci, 9$ 

Eosin, 235 
in urine, 310 
Eosinophil. 3 
Eosinophilia, 20 
Epidemic abortion, II6 
Epidecmopbyton inguinale 144 
Epithelial celts in urme. 297 
Epulis, 443 

Easunnm, microsponim 144 
Erysipelas, 397 
Erythremia, 24 
Erythroblastic ansemia 29 
Erythrocytes Su Red cell 
Erythrodermia, 19 
Espnndia 150 

Essential thrombopcenia, 16 
Exophthalmic goitre, plasma 
phosphatase in, 60 
Exostosis. 450 
Extrinsic fs( tor, 1 1 


Fsecal elements in urine, 298 
Pecahs akshgenes. baciUus, 123 
streptococeuf, 98 
Faeces, 376 
bile pigment in, 379 
blood IS 379 
fat in. 380 
muscle fibres in, 384 
parasitology of, 386 
reaction 378 
stepcobilin, 379 
Farcy bud 146 
Fasciolopsis buskii, 153 
Fat in faeces, 380 
in milk, 359 
Fatty degeneration 429 
lofiltration, 429 
Paens, 144 

Pebaeum, fflicrosporum 144 
Felton’s serum, 94. 211 
Feme chloride reaction, 290 
Femcyaaide method for bjocxl sugar, 
Fibrmogen. 49 
Fibnnons bronchitis, 405 
Fibroblasts, 418 
Fibro^ndothehoms, 457 
Fibroids, 444 
Fibroma, 443 
Fibro-nenroma, 440 
FihrO'^arcoma, 453 
FiUtudee, 163 
bancrofti, 163 
dnima, 164 
loa loa, 164 
nocturna, 163 
Filterable phase, 103 
Viruses. 133 
Filtration, 236 
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Flagella, 240 
Flagellar agglatioin, 168 
Flagellates^ 152 
FIstss micrococcus, 101 
Flexner’i bacillus, 120 
Flocculation test, 187 
Flukes, 153 

Ftetidns, micrococcus, 93 
Folm-Wu method tor blood «a?ar. 69 
Follicular impetigo, 397 
tonsillitis, 349 
Fontana’s method, 230 
Food poisomng, 120, 171 
Foot and mouth disease, 134 
Forceps, 214 

Fouchet’s test for bihrubin, 34 
Fractional test meal, 355 
Fragility of red cells, 12, 45 
Free hjdrochlonc acid in test meal, 
352 

Fnedlander’i pneumo bacillas. 409 
Frosen sections, 462 
Fong], 143 

Forfar, microsporum 144 
Fnsiform bacillus, 129 


Gaertner’i bacillus, 119 
OaU stones, 367 
analysis of. 363 
QimttMgtas. lA 
Otngboneuroma, 449 
Oartne contents 354 
ulcer, 357, 372 
Osneber’s disease, 31 
Gelatin, 242, 249 
Qenttas-noiet, 253 
Cenns luemophilus. 113 
Garrard’s method, 310 
Giant cells, 421 
Giemsa’s stain, 229, 254 
Glandular ferer, 30 
Cboma, 445 
Clossma morsitans, 149 
palpaUs, 149 
Glossitis. 9 

Glucose broth, 248 ^ 

in cerebto spinal fluid 2«* 

ID urine, estimation of. 316 
tolerance test. 363 
Glycerine broth, 24S 
Glycnronie acid m unne, 313 
Goitre. 434 
OonococcDS, 99 
medium, 251 
Gononheea, 231 
Gout, uric acid in blood, 53 
Oram negatn e bacilli, 1 13 

positive COCCI, table of, 90 
(non-acid fast] bacilli, 100 
Gram’s iodine, 254 
method, 216 


Granular degeneration. 9, 26 
Granalstion tissue. 419 
Qtavsloma. 42^ 

Graces’ disease, 434 
Gramtx’ tumour, 443 
Grfinbaam*Widsl reaction, 169 
Gamsu. 423 


B. agglutinogen. 168 
Bsemagglntittlns, 179 
Hsmaltus. 254 
Stemangeioma, 456 
Bsematoent, 47 

Bscmatoporphynn in urine, 309 
Bsemoeytomeier, 37, 40 
Keubaner, 41 
SmmolDScin. 430 
Bemoglobln, 2. 35 
Bsetnoglobinometer. 2 
Campbell Smith and Hobday, 36 
Daze, 35 
Haldane. 35 
Sabli 8. 33 

Semoglobinnna. paroxysmal, 184 
Bieaolysii, bactenal, 95 
Bamolytlc icterus. 11,61 
streptococci, 95 
BsmophQis, 12 
Hsmorrbaga, 19, 23 
damtovfttrm. 47A 
Bas&osoio. 147 

Batnane’i antKboIera Taccine, 206 
Baldaas’s hxmoglobinometer, 33 
Hansen’s bacillus, 103 
Eamsoc’i test, 343 
Bart'i elastic nurture, 256 
Harrest bug, 166 
Bay bacillus 111 
fever, 402 

BeUige't Deo plane, 36 
Eelmintbes, 153 
Benfieiiser's solution, 463 
Bisfamlns test, 356 
HoUociAes. 418 
Bodrkin’S disease, 22, 425 
Holmum’s bacillus, 103 
Bomogsstlsis acid. 303, 313 
Sot-air stenliser, 215 
ByaliuB cell, 4 
degeneration, 428 
Hydatid. 157 
cyst fluids, 198 
cysU. 230 

Brdabdilorm mole. 459 
Brdroctls fluids, 279 
Bydrogen ion concentration. 57 
In unne, 322 
Hyperehromie aniemia, 8 
Bypemepbroma, 443 
Byperpiesia, 341 
Hypochromio red cells, 8 
Bypoglycaemia. 50 
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Xctene index, 83 

IcteioheemonbigiR. spirocb^ta, (3J 
Idiopathic peritonitis, 374 
eteatorrhcea, 31 
Immone eenim, 190 
Immniiitr, 167 
pasaiYe, 209 

Impetigo contagiosa. 397 
Inclanon bodies, 136 
Incubator. 214 
Index, colour, 2 
icteric, 83 
volume, 3, 48 
lttiu.a lak ci«t.b<!d, 229 
Xndiean, 308 

Indigo blue m anne 308 
Isfasldc scurvy, 31 
Znlasta, splenic ameoiia of 29 
Infective endocarditis, 07, 223 
mononucleosis, 30 
Inflanunationi, 414 
Isfloenaa, 1J4 
baciilua, lU 
medium, 231 
InHiiensal meningitis, 374 
Inftucna, 1S3 
InspissatoT, 246 
Inenlrn. M 

Inteitual obstruction, 63, SS, 374 
iBtnniio factor, 11 
Iodine solution, 234 
Iodoform reaction, 290 
lion pigment in eectiona, 472 


lakaeh's anaemia, 29 
Xanehp'i classidcation 170 
laundiee, 61 
Xenner'a stain, 44 
Jobne’i bacillus, 104 


Ksba pcoeipitation teet IW, 197 
Eala-azar, 150 
Eimpton’s tube 182 
KlebsvUfier bacillus, 106 
Soeh-Wsek’s bacjlliw, 115 
KnpSsr cells, 418 


Lactic acid in test meals, 354 
Lactif aerogenes, bacillus, 123 
Lactose in urine, 313 
Levnlose, 312 
tolerance test, 364 
Lamhba intestinalis, 132 
LanOsum, microsporum, 144 
Lardaceons degeneration, 428 
Large hyaline cell. 4 
lymphocyte cell, 4 
mononuclear cell, 4 
Latent syphilis. 188 
Lead in urine, 330 


Lead pellet method, 44 
Leiomyosarcoma. 433 
Letshmaa>DonoTan body, 150 
Leishman’s stain, 42 
Leishmaniasis, 150 
Leprse, 31. 203 
Leprosy, 426 
fasciilus, 203 
Leptospira, 130 
Leptos autumnafi'i, 166 
Lenctne, 304 
Leaeoeytet, 3 
Lencoeytosis, 17 
Leacooeau, 21 

Lenktemia, acute lympboid, 16 
myeJojd, 15 
sleuksmic 15 
chronic myeloid IJ 
lymphatic, 16 
Lipase, 281 
Lipochiomes. 430 
Lipoidal degeneration, 430 
Lipoma. 444 

Litmni carbohydrate peptone 
vaUt. 243. 248 
milk. 243, 240 
Liver flukes, 153 
function tests, 364 
treatment, 11 
Ldfier'i blood serum, 260 
methylene blue, 353 
Lumbar puncture, 270 
Long puncture 268,411 
> Lntem cyst, 437 
Lympbangeioma, 456 
Lymphatic leukemia )5 
Lymphocyte, large, 4 
small, 4 

Lymphoid leukaemia chronic, 15 


HacConkey’s bile salt medium, 24( 
neatnl red sg^r, 249 
McIntosh and Fildes jar, 235 
UacLeaa’j urea concentration test, 342 
Macrophages, 418 
Madura foot, 145 
Magnesium in plasma, 60 
Malaria, 146 
Malarial paraaitee, 147 
Malignant celts, 261 
Malta fever, 116 
Mannite, 11 
Mantonx test, 207 
Mast cell, 3 
** Meailed ” porL, 166 
Measles. 139 
Mednlloblastama, 446 
Megakaryocytes, 6 
MegaloMast. 1. 10 . 14 
M^alocytic anaemia. It 
HeJaais, 430 
Melaninnna, 300 
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Uelasoms, 43o 
UeLtensis, bruceUa, 116 
Uembranons conjuoctiritis 393 
Meaugitu. poeumococcal, 93 
Meuagococcoa, 100 
Ueiabolum, basal, 412 
Metachromalic granules, 107 
Mrtalhc poisons, 26 
Metbsmoglobm, 63 
detection. 86 

Uethods of examining blood, 32, C3 
BIeth;Iene-blne, 2o3 
m unne, 310 
Methfl-Tiolet. 2S4 
Microeoccoa eatairhahs, lul 
flavus, 101 
feetidua, 98 
fetrageniis, 0> 

Microcftic ansmia, 8 
Microgametea, 147 
IdierO'metbod lor blood sugar, 71 
Microscope, 32 
Microaporam audouini, 143 

a uinum, 144 
iDcum, 144 
furfur, 144 
lanosum, 144 
Mdiiry tobertic, 421 
Milk, fat in 3o9 
busuD, 3SQ 
litmus 343, 249 
protein, 360 
sugar in, 360 
Muumsm lethal dose, 210 
Muins, spirillum, 133 
Moeller’s timothf grass bacillns 104 
Molloscum coDtagtosum, 136, 427 
fibrosum, 440 
Monilu, 144 
Monoerte, 5, 15 
Mononucleosis, mfecti-ve, 36 
MoraX'Asenfeld bacillus, 115 
Mosaic di'iease, 134 
Moss classification, 179 
Month streptococci, 97 
Mnci'Carmiac, 237 
sum, 472 

Mucin in unne, 3(M 311 
Mncoid degeneration. 428 
Macosns, streptococcus 04 
Mneons carcinoma, 442 
Mnns raffi, bacillus, 126 
Muscle fibres in faeces 384 
Mgeetona, 145 
Mrcobactenom, 102 
leprw, lOo 
tuberculosis, 102 

Hgcosis fungoides, 20, 426 
Mgeloblast," 14 
Myelocyte, 14 
Myelogenous leukaemia 13 
Myeloid leukaemia, acute, 15 
chronic, 13 


Myeloid sarcoma, 453 
Myeloma, 454 
Myelomatosis, 451 
Myelophthisic ansmia, 10 
Myoma, 444 
Myroehondioma. 450 
Myxosarcoma, 452 


I Magana, 140 
Masai ratarrh 401 
polyp. -143 

Hecator Amencanus, 160 
Meisser’t stain, 107, 233 
Reisteria, 99 
> Reoplasms, 432 
Nephritis, prognosis. 341 
Meannosareoma, 432 
Neuroma, 449 
Nenro-iypbilif, 188 
NcntraNred broth, 244, 24S 
Nitnc-czide*hemoglobin, 62 
detection, 86 

Nitropnuside reaction, 289 
Nognchi's leptospira m^ium, 252 
Noo'prelein nitron m blood 53 
Normoblasts. 14 
Nneleoptotems m unne, 311 
Nutnent broth, 247 


I 0 agglutinogen, 168 
Obermeieri spirochcta, 130 
4£d«ma, 50 

<Edematieai bacillus, 112 
OUgocythKmja. 24 
Oligodendroglioma, 443 
Oncosphere, 155 
Opalescent Suids, 270 
Opsomns, 184 
Oral sepsis. 347 
Oriental sore, loO 
Omitbodonii moubata, 130 
Oroya fever, 126 
Osaxones, 314 
Oiler’s disease, 6 

Osteitis deformans, plasma phosphato-a 
in. 60 

fibroHS. 60 

plaama phosphatase in, 60 
Osteo-cbondrosareoma, 457 
Osteoclastoma, 454 
Osteoma. 45<) 

Osteomalacia, plasma phosphatase in, 60 
On, pansitie 164 
Ovanan evsts, 281. 435 
dermoid cyst, 457 
Oz-bile medium, 251 
Oxynns verroiculan*, 162, 301 


Pallida, spirochiela 171 
Pancreas, testa of efficiency, 362 
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PancMafjc cysts 280 
PapiUomata, 432 
ParafBa sections 465 
Paragonimcs xsestermanii IM 
PafathyTOi(iectoin7, SiT 
Patatyphosus B bacillus U9 
Patoiid tumour 458 
Paroxysmal hscnioglobinuria, 184 
Paschen bodies 135 
PasUut pipettes 213 
Pasteurella pcstis 126 
Pediculi, 165 
Pediculoj capitis 165 
corporis 165 
pubia 166 

Pempbigas nponatomni 397 
Pentoses m urine 312 
Pcpsm, 354 
Pericardial fluids 268 
Feritooeal fluids 266 
Peritoneum, 372 
Pernicious anxmia 0 
Fertenuis, «pirocb»1a 132 
Pertussis 31 
bacillus 115 
Petri dishes 220 242 
Festu. bacillus 126 
PfeiBsrtUa mallei 125 
Pleifier’s bacillus 114 
reaction 3S3 
pE,54 

Phsnolphtbalem in urine 310 
FliMolsalplionepbtbaleui excretion 
344 

Pbospbatase, plasma 60 
Phospbates m blood 68 
estimation 79 
Fbtbirna pubis 136 
Picmentation, 430 
Pipettes Pasteur 213 
Plasma bicarbonate 55 
estimation 78 
bilirubin 60 

estimation 83 ■' 

Sllcium 5J 
estimation 81 
cell 417 
magnesium 60 
phosphatase 60 
proteins 49 

Plasmodium falciparum 147 
malaris 147 
vivas 147 
Plate cultures 220 
Platelets S 
estimation 46 
Platinum wire 213 
Pleural fluids 263 
Pneumococcal meningitis 93 
Pnenmococcns 92 
Pneumonia, 17 
FaeamOBocoDiofiy, 407 
PoikUocytosis, 9 


Poliomyebtis. 132 
PoUens. 209 

PoJyebroaiatopbilJC cells 9 
Polyeythmmia, 24 
splenic, 6 

Polymorphonuclear neutrophil 3 
Potassium tn blood, 69 
Potato medium 249 
Pregnancy, 10 

Preparation of culture media 243 
Ptice-Jones’ curve 3 
Prodigiosux, bacillus 126 
ProstatMtomy 341 
Protein in cerebro spinal fluid 275 
estimation m urine 316 
in milk 360 
plasma 49 
sensitivity tests 209 
Proteoses in urme 311 
Prolfet bacillus 123 
\ 19 124 
l^ndo-ghoma, 394 
Pseudo leukiemia, 15 
PsendO'tubercnlosu, 126 
Psittaeoais 134 
PoDctura fluids 258 
Pure cultures 221 
Purpura, 16 31 
Pnafilmt 215 
m urine 205 
Pyknotis 428 
Pyocyaneus, bacillus 124 
Pyosalpmx 140 
PyramidoD, 310 


Babies. 138 

Babinowitcb I butter b-vcillus 104 
Boptd sections 463 
Bat-bUs fever 133 
BeactiOn of fieces 376 
of urine 322 

Becorreatlf, apitock»t>t IJO 
Bed cell 1 

estimation of 36 

fragility 12 45 

granular degeneration 9 26 

hypochromic 8 

aensitised 185 

sue of 46 

atipiding 2b 47 

Kedncing substances in urine 312 
Belringens spirochteta 120 
Renal cysts 281 
efficiency tests 340 
glycosuria 51 364 
thmhold 50 
Beaoicin 310 
Beticnlocyte, 2 46 
Beticnlo endotbelul system 16 418 
BetKuIum, 2 

Bheumatic granuloma 426 

Bhubarb. 310 
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Rickets, 30 

blood phosphatea in, 58 
plasma phosphatase lo, 60 
Rickettsis, 140 
Rigors, 223 
Rugwons, 144 

Rockr Sloontam spotted fever, 141 
Rodent ulcer. 439 

Rotbera’s test for acetone bodies, 289 
Rongh colonies, 222 
ROQnd*cel!ed sarcoma, 451 


Saboorand’s medium, 145 
glucose medium, 251 
Safranm, 254 

Sabli’s hcmoglobmometer, 25 
Salme formaldehyde, 462 
Saliva, 349 
Salffionella, 119 
Santonin, 310 
Sarcoma, 450 
rQund<el!ed, 451 
spindle cellei 431 
Sareoptes scabtei, 164 
Saturated aolutiona, 257 
Scabies, 164 
Scbailaeb B. 256 463 
Schick reaction, 203 
Schistosoma hcmatobium 151, 301 
japoaicnm. 155 
mansoni, 155 
Sehflffnet’s dots, 143 
ScholtZ'Chitltea reaction, 9* 
Selavo’s serum, 110, 212 
Sections, examination of, 413 
frozen. 462 
paraffin, 4M 
rapid, 463 
to show fat, 462 
Sedimentation rate, 64 
measurement, 87 
Seitz filter. 236 
Selivanofl's reagent, 312 
Senna, 310 

Sensitised red cells, 185 
saccine, 202 

Serpentme soeurrsm, 457 
Serum agar, 249 
immune, I£H1 
reactions 310 
tube, 174 

Shiga's bacillus, 120 
Sickle^ell aniemia, 12 
Signet ring*. 148 
Smgle-cell cultures, 222 
5km and blood changes, 394 
bacteriology of, 396 
Small lymphocyte, 4 
Smegma bacillus. lOo 
Smooth colonies, 222 
Sodmm in blood. 59 
Solutions, standard, 257 


Sonne's bacillus, 1 >l 
Sodoku, 133 
Specific fevers, 19 
Spermstoeele fluids, 279 
SpKmatoxoa in imne, 301 
Spmal fluid, 270 
Spindle-celled sarcoma, 451 
SpirsUam, 125, 130 
minus, 133 

Spirochmta, buccalis, 123 
cnnicoli, 132 
duttoni, 130 
icterohsemorrhagi®, 123 
obermeien, 130 
pallida, 131 
pertennis, 132 
recnrrentis, 130 
tefncigens. 129 
vinccnti. 129 
Spirocheetrs, blood, 129 
tissue. 136 
Spleen. 369 
Splenic aniemis. 22 
of infants 29 
polycythsroia, 6 
puncture, 151 

Splenomednllary leukemia, 13 
Spongioblastoma multiforme, 447 
Spores, 239 
Sporotnebom, 144 
beurmanni 144 
Speroeoitei 147 
Spring catsrrh. 21 
Sprue, 6 

Sputum, 226. 403 
bacteriology of, 408 
SeuBfflOss-celled carcinoma, 438 
Slats. Jennet's. 44 
Leishman's, 42 
Staining reagents. 252 
Staining of sectiona, 469 
Standard solutions, 257 
suspensions, 178 
Staudarflisation of media, 246 
Staphylococcal toxoid, 20) 
Slaphrloeocci, 91 
Staphylococcus albus, 91 
aureus, 91 
citreu*, 01 
Starch granules, 305 
Steam stenhser, 245 
Steatorrhcea, idiopathic. 31 
Stellar phosphates, 303, 304 
Stercobilin in fx*eg, 379 
Stippling of ted celts, 26 47 
Slock i Mcines, 206 
Streptococci, 94 
anaerobic, 93 
boirel, 98 

Streptococcus eiyaipelatis, 00 
fecstis, 08 
bacmolytic, 95 
lanreolatus, 92 
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Streptococcos inontli 0~ 
muiKisus D4 
pntnilua 98 
pyogencB 9o 
scarUtiD^ Ob 
nridana 07 

Strong $ method 36 39 
Strong}loidea stercoralis 158 
Sotacnte coiabined degeocration 9 
SabcQltaies 219 
Snbtilu bacillus 111 
Sagat in blood 50 
in tnilb 360 
Saipestiler bacillus 119 
Snlptuemoglobuuemia, 63 
S;cosu, 308 
Synon^ fiaida 277 
Syphilis IS** 229 423 
congenital 30 189 
latent 188 


Tsnia saguiats 157 
Eolmm 156 
Teratoblaslaou, 458 
Tetatoms, 457 
Testoica} 350 
btl« la, 355 
blood m 35o 
chloridea 354 
lactic acid 354 
Tatanos bacillus 111 
Tetrsgssiu, micToeoocua 9* 

Thermos flask 214 
Thoms Zeiss method 3S 40 
Thread vorm 16*’ 

Thrombopcenia, essential 16 
Thrush, 348 
Tinea cruris, 144 
Ttasus sp rochsetes 130 
Toison s fluid 33 ’ 

Topler s solution 352 
Toxoid, 201 
Trachoma, 116 392 
Translusios, blood, 181 
Transitional polymorphonuclear cell 4 
Trauinatie neuroma 450 
Ttematoda 153 
TMach fever 141 • 

l^pooema. 130 
Tncbinella spiralis 159 
Tnchocephalos d spar 159 
Trichomonas, IS*’ 

Tnebophyton ectothnx 144 
endothnx 144 
Tnchons tr ciiura 159 
Triple phosphates 304 
Trypanosoma brucei 149 
evansi 140 
gambiensc 149 
fesFisi 149 
rhodesiense 149 
Trypanosomiasis 143 


Tfjpsin 280 
Tsetse fly 149 
Tube serum 174 
Wright g 174 
Tubercle bacillus 10 
avian 104 
bcrr/ce 103 
human 103 
Tttbercnlin 202 
reaction 208 
Tnbeccnlosu. 19 6 4 1 

in guinea pig **28 
mycobactenum 10 
Tubereulotis Baidu 2do 
peritonitis 375 
Typhoid bacillus 118 387 
earner 169 
fever US 

I inoculation *’06 
Typhus UO 171 
Typing o/ pncffntocoecf fy vjp 
Tyrosine m urine 304 365 


Utmmia. 34** 

Orates, SO® 303 333 
Urea in blood 52 
eeiimatjon "6 
clearance teat 343 
roorentrauon teat 34„ 
in unne estimation 318 
Vne acid in blood 53 
depoa t 30*’ 
estimation 520 

Oniiary deposits fore gn bodies in 
305 

organised "Ot 
unorganised 302 
Urine, acetone bod es 289 J’b 
albuminuria ‘’84 
ftmmonia 3 ’4 
amount 8 ’ 
an mal paras tea 301 
appearance 83 
Bence Jones protein 311 
bile p gments *’91 
btle salts ”91 
Uood 295 
casts ^ 
chloride 3 3 
colour 283 
ep thefial ceils *>97 
glucose 316 
glycuron c acid 313 
homogentiBic acjd 311 J13 
ind go blue 308 
laetoae 31** 
faemlose 31 
lead 330 
pentoses 312 
proteins 316 
proteoses 311 
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Unne, pua, 295 
reaction, 284, 322 
reducin'; gul^tanoes, 312 
testa for, 287 
specific graritv, 284 
tjTosine, 304, 365 
urea, 318 
uric acid 320 
urobilin, 307 
urobilinogen, 307 
Urobilui, 364 
m uiitie. 30“ 

Urobamogen in urine, 307 
Ufoerytlinn, 308 
Urorosein, 303 
CTrosfealiiiu, 334 


“Vlactor,” 114 
Vaccine, 199 
Vaccinia v»eu* 138 
Van den Bergh reaction, 61 
Van Gieson a stain, 255, 470 
Vaqnez’a disease, 6 
Vibno cholera?, ]2o 
Vibnoa septique, 112 
Vincent’! angina, 349 
Vincenti. apirochcta, 129 
Vindua. atreptoooceus, 97 
Virulence test. 107 
Virnses, filterable, 133 
VolsBie index, 3, 43 
Vomit, examination of, 358 
Von ftrioet'a teat, 207 


i Von KecUinghaosen's nearo* 
fibromatosis, 449 


Waaaermann reaction, 166. 190 
Weigert’f elastic stain, 2o6, 470 
iron hrmatoxylin, 255 
Weigert-Dram method, 471 


i 133 

.J'^eil-Felix reaction 


TVeil-Felix reaction, 142, 1G8, 172 
Welebu, bacillus, 113 
Whip worm, 159 
White cells, estimation of, 39 
Whitlow. 293 
Williami' microtome, 464 
WooNsoiten* disease, 110 
Wnght’t method, 45 
tube. 274 


“X laetot,” 114 
Xanthine atones, 334 
Xauatbocbromia. 371 
XeroBi, cor^ehaetenum, ]| 


Zone phenomenon, 178 
^otei. 147 
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byP S Ascp, 51 Sc , F I C Second Edition 67 IHustrations 18» net 
J. & A. CHURCHILL Ltd • — — —— — -j--.— 




Pathology ^ Psychology 
Dictionaries 


Recent Advances in Patholog’y. By G. Hadfield, 

M D , F K C P , and L P Garbod, M D M R C P Second Edition 
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Clinical Pathology and the Technique of Col- 
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Recent Advances in the Study of the Psycho- 

neuroses Bj Millais Cultin, M D F I. C S , Lecturer on Psycho 
neuroses London Hospital 'Medici College 4 Illustrations 13s 6d net 

Recent Advances In Psychiatry. Bj H Devine, 
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Clinical Toxicology': Atodern Methods in the 
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andE 51 tViiKis 10 Illustrations As 6d net Part II Translated by 
S KREnoiR and J H VTicxsteed lllnstrations 21s net 

Researches on Rheumatism. By P J Potnion, 
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Surgical Nursing and After-Treatment. By 
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Rouanis MB.ATC.FECS fisfid net 
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WABBihOTOv 3 obkb, V D.and P A ■MaeLzsTOsa, M B , D S O Fore- 
word by C R Stilss 307 ITlnstnitioiw 36* net 
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By F Eobt Translated by CHaanea OoctnEM, O B E., if D, hJt CS , 
and CLxna L Habbis 31 B , Ch B Second Edition 104 lUo* 13* net 

Ophthalmic Nursing. By il H Wbxtino, OBC, 

F E C S Second Edition 54 lUnatrations 5* net 

Oplithalmological Society of the United King- 
dom Transactions Annually 90* net 
— J & A. CHURCHILL Ltd — 



; Otology Paediatrics ^ Dentistry 
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) CoisLiT, MD, FACS Seventh Edition. 7 Colour Plates and 153 
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V CnxnLEs S Touts, M A , P B.S Eighth Edition Edited by H W 

) Maurt Tius, O H E , S! D , P L S . iritfa assistscce of C Dorrnz.xB IIkurt, 
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